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A  Prospective  Study  of  Cigarette 
Smoking  and  Risk  of  Cataract  in 

Men — WG  Chinsten.  JE  Manson,  JM 
Seddon,  RJ  Glynn.  JE  Buring.  B  Ros- 
ner,  CH  Hennekens.  JAMA  1992; 
268:989. 

OBJECTIVE:  To  examine  the  as- 
sociation between  cigarette  smoking 
and  the  incidence  of  cataract.  DE- 
SIGN, SETTING,  &  PARTICI- 
PANTS: The  design  was  a  pros- 
pective cohort  study  using  data  frotii 
the  Physicians"  Health  Study,  a  ran- 
domized trial  of  aspirin  and  beta  car- 
otene among  22,071  U.S.  male  phy- 
sicians aged  40  to  84  years  that 
began  in  1982.  This  analysis  includes 
the  17.824  physicians  who  did  not 
report  cataract  at  baseline  and  did 
provide  complete  risk  factor  infor- 


mation. Based  on  information  re- 
ported at  baseline,  10%  were  current 
smokers,  39%  were  past  smokers, 
and  5 1  %  were  never  smokers.  MAIN 
OUTCOME  MEASURE:  An  in- 
cident cataract  was  defined  as  a  self- 
report  confirmed  by  medical  record 
review  to  have  been  first  diagnosed 
after  randomization,  age-related  in 
origin,  and  responsible  for  a  decrease 
in  best  corrected  visual  acuity  to  20/ 
30  or  worse.  MAIN  RESULTS:  Dur- 
ing 60  months  of  follow-up,  5.57  in- 
cident cataracts  among  371  par- 
ticipants were  confirmed.  Compared 
with  never  smokers,  current  smokers 
of  20  or  more  cigarettes  per  day  had 
a  statistically  significant  increase  in 
the  risk  of  cataract  (relative  risk 
|RR1.  2.16:  95%  confidence  interval 
ICI],  1.46-3.20:  p  <  0.001).  Similar 


results  were  obtained  after  simultane- 
ously controlling  for  other  potential 
cataract  risk  factors  in  a  logistic  re- 
gression model  (RR,  2.05:  95%  CI, 
1.38-3.05;  p  <  0.001).  Ainong  the 
557  eyes  with  cataract,  nuclear  scle- 
rotic changes  were  present  in  442 
while  posterior  subcapsular  changes 
were  present  in  204.  After  con- 
trolling for  other  potential  cataract 
risk  factors,  current  smokers  of  20  or 
more  cigarettes  per  day  had  sta- 
tistically significant  increases  in  nu- 
clear sclerosis  (RR,  2.24;  95%  CI, 
1.47-3.41;  p  <  0.001)  and  posterior 
subcapsular  (RR.  3.17;  95%  CI,  1.81 
-5.53:  p  <  0.001 )  cataract.  Past  smok- 
ers had  an  ele\  aicd  risk  of  posterior 
subcapsular  (RR,  1.44;  95%  CI.  0.97 
-2.13;  p  =  0.07)  but  not  nuclear  scler- 
osis cataract.  For  current  smokers  of 
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Sterile  Suspension  For  Inirairacheal  Use  Only 

INDICATIONS  AND  USAGE 

SURVANTA  IS  mcticaled  lor  prevention  and 

treatment  (rescue  )  ot  Respiratory  Distress 

Syndrome  (ROS)  (hyaline  membrane  disease} 

in  premature  inlanls  SURVANTA  sigmticantly 

reduces  Itie  incidence  ol  RDS,  mortality  due  to 

ROS  and  air  leak  complications 

Prwealioti 

In  premature  inlanls  less  ttian  1250  g  birlh 

weight  or  with  evidence  ol  surlactant  deli- 

ciency,  give  SURVANTA  as  soon  as  possible. 

prelerabty  within  15  minutes  ol  birth 

Rescue 

To  treat  mlants  with  ROS  confirmed  by  x-ray 

and  requiring  mechanical  ventilation,  give 

SURVANTA  as  soon  as  possible,  prelerably  by 

8  hours  ol  age 

CONTRAINDICATIONS 

None  known 

WARNINGS 

SURVANTA  IS  intended  lor  intratracheal  use  only 

SURVANTA  CAN  RAPIDLY  AFFECT  OXY- 
GENATION AND  LUNG  COMPLIANCE  There- 
lore,  lis  use  should  be  restricted  to  a  highly 
supervised  clinical  setting  with  immediate 
availability  ol  clinicians  experienced  with  intu- 
bation, ventilator  management,  and  general 
care  ol  premature  infants  Inlants  receiving 
SURVANTA  should  be  frequently  monitored 
with  arterial  or  transcutaneous  measurement 
ol  systemic  oxygen  and  carbon  dioxide 
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General 
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nosocomial  sepsis  m  SURVANTA-trealed 
mlants  was  observed  m  the  controlled  clinical 
trials  (Table  3)  The  increased  risk  for  sepsis 
among  SURvANTA-treated  infants  was  not 
associated  with  increased  mortality  among 
these  mlants  The  causative  organisms  were 
similar  m  treated  and  control  infants  There 
was  no  significant  diHerence  between  groups 
in  the  rate  ol  post-treatment  infections  other 
than  sepsis 

Use  ol  SURVANTA  in  infants  less  than  600  g 
birth  weight  or  greater  than  1750  g  birth 
weight  has  not  been  evaluated  m  controlled 
trials  There  is  no  controlled  experience  with 
use  ol  SURVANTA  in  coniunction  with  experi- 
mental therapies  lor  ROS  (eg,  high-frequency 
ventilation  or  extracorporeal  membrane 
oxygenation) 

No  information  is  available  on  the  ellects  of 
doses  other  than  100  mg  phospholipids  kg. 
more  than  four  doses,  dosing  more  frequently 
than  every  6  hours,  or  administration  alter 
48  hours  of  age 

Carcinogenesis.  Mutagenesis. 
Impairment  ol  Fertility 
Reproduction  studies  in  animals  have  not  been 
completed   Mutagenicity  studies  were  nega- 
tive  Carcinogenicity  studies  have  not  been 
performed  with  SURVANTA 
ADVERSE  REACTIONS 
The  most  commonly  reported  adverse  experi- 
ences were  associated  with  the  dosing  pro- 
cedure   In  the  mulliple-dose  controlled 
clinical  trials,  transient  bradycardia  occurred 
with  11  9%  ot  doses    Oxygen  desaturation 
occurred  with  9  8%  ot  doses 

Other  reactions  during  the  dosing  pro- 
cedure occurred  with  lewer  than  1%  ol  doses 
and  included  endotracheal  tube  rellux,  pallor, 
vasoconstriction,  hypotension,  endotracheal 
tube  blockage,  hypertension,  hypocarbia. 
hypercarbia,  and  apnea  No  deaths  occurred 
during  the  dosing  procedure,  and  all  reac- 
tions resolved  witn  symptomatic  treatment 

The  occurrence  ol  concurrent  illnesses 
common  m  premature  infants  was  evaluated 
in  the  controlled  trials  The  rates  in  all  con- 
Irolled  studies  are  in  Table  3 

TABLE  3 

All  C«iitrollt4  SMttt 


SURVAMT*  CMlral 

It  (%)  \%\ 

Pltmi  ductus  irieciosiA  46  9  47  1  0  814 

Intrjcfanal  hwDonrwo*  48  1  45  2  0  ?41 
Severe  miraaanot 

hemoftf»9e  24  1  23  3  0  693 

Pulmorury  ait  leiks  10  9  24  7  ^O  001 
f\ilmorurY  interstitdl 

empnysefTu  20  2  M  4  ■  0  001 

Necrotizing nntefocolits  6 1  S3  0 427 

Apou  65  4  59  6  0  2S3 

Sffnreaprwi  46 1  42  5  0 114 

PDSt-lfMlments«psts  20  7  16  1  0  019 

PosIlrMtmem  inftctcn  10  2  9  1  0  345 

PutmoMfy  hemorrhage  7  2 53 0  166 

V-value  comparing  groups  >n  controlled  sludies 


When  all  controlled  studies  were  pooled, 
there  was  no  dillerence  m  mtracranial  hemor- 
rhage However,  in  one  ol  the  single-dose  res- 
cue studies  and  one  ol  the  multiple-dose 
prevention  studies,  the  rate  of  intracranial 
hemorrhage  was  significantly  higher  m 
SURVANTA  patients  than  control  patients 
(63  3%  V  30  8%,  P  =  0  001.  and  48  8%  v 
34  2^0.  P-0  047.  respectively)  The  rate  m 
a  Treatment  INO  involving  approximately  4400 
inlants  was  lower  than  in  the  controlled  trials 

In  the  controlled  clinical  trials,  there  was 
no  eltect  of  SURVANTA  on  results  ol  common 
laboratory  tests  white  blood  cell  count 
and  serum  sodium,  potassium,  bilirubin 
creatinine 

More  than  3700  prelreatment  and  post- 
treatment  serum  samples  were  tested  by 
Western  Blot  immunoassay  lor  antibodies  to 
surlactant-associated  proteins  SP-B  and 
SP-C  No  IgG  or  IgM  antibodies  were 
detected 

Several  other  complications  are  known  to 
occur  in  premature  infants  The  lollowmg 
conditions  were  reported  m  the  controlled 
clinical  studies  The  rates  ol  the  complica- 
tions were  not  dilterent  in  treated  and  control 
inlants.  and  none  ol  the  complications  were 
attributed  to  SURVANTA 
Respiratory  lung  consolidation,  blood  Irom 
the  endotracheal  tube,  deterioration  alter 
weaning,  respiratory  decompensation,  sub- 
glottic stenosis,  paralyzed  diaphragm,  respi- 
ratory lailure 

Cardiovascular    hypotension ,   hypertension , 
tachycardia,  ventricular  tachycardia,  aortic 
thrombosis,   cardiac  lailure,  cardio- 
respiratory arrest,  increased  apical  pulse 
persistent  fetal  circulation,  air  embolism,  total 
anomalous  pulmonary  venous  return 
Gastromtestmal  abdominal  distention,  hem- 
orrhage, intestinal  perforations,  volvulus, 
bowel  infarct,  feeding  intolerance,  hepatic 
failure,  stress  ulcer 
Rer^al  renal  lailure,  hematuria 
Hematologic    coagulopathy,  thrombo- 
cytopenia, disseminated  intravascular 
coagulation 

Central  Nervous  System  seizures 
Endocrine  Metabolic  adrenal  hemorrhage, 
inappropriate  ADH  secretion,  hyper- 
phosphatemia 

Musculoskeletal  inguinal  hernia 
Systemic  lever,  deterioration 

Follow-Up  Evaluations 

To  date,  no  long-term  complications  or 
sequelae  of  SURVANTA  therapy  have  been 
found 

Single-Dose  Studies 

Six-month  adiusied-age  follow-up  evaluations 
ol  232  mlants  (115  treated)  demonstrated  no 
clinically  important  diflerences  between 
treatment  groups  m  pulmonary  and  neu- 
rologic sequelae,  incidence  or  severity  ot  reti- 
nopathy of  prematurity,  rehospitalizations. 
growth,  or  allergic  manifestations 

Multiple-Dose  Studies 

Six-month  ad]usted  age  follow-up  evaluations 
have  not  been  completed  Preliminarily  m 
605  (333  treated)  of  916  surviving  infants, 
there  are  trends  for  decreased  cerebral  palsy 
and  need  for  supplemental  oxygen  in 
SURVANTA  mlants  Wheezing  at  the  time  of 
examination  tended  to  be  more  Irequent 
among  SURVANTA  inlants,  although  there 
was  no  difference  in  bronchodilator  therapy 

Twelve-month  follow-up  data  from  the  mul- 
tiple-dose studies  have  been  completed  m 
328  (171  treated)  of  909  surviving  mlants  To 
date  no  significant  differences  between  treat- 
ments have  been  found,  although  there  is  a 
trend  toward  less  wheezing  in  SURVANTA 
mlants  in  contrast  to  the  six  month  results 

OVERDOSAGE 

Overdosage  with  SURVANTA  has  not  been 
reported  Based  on  animal  data,  overdosage 
might  result  in  acute  airway  obstruction  - 
Treatment  should  be  symptomatic  and 
supportive 

Rales  and  moist  breath  sounds  can  tran- 
siently occur  alter  SURVANTA  is  given,  and 
do  not  indicate  overdosaoe  Endotracheal 
suctioning  or  other  remedial  action  is  not 
required  unless  cleat-cut  signs  of  airway 
obstruction  are  present 

HOW  SUPPUED 

SURVANTA  (beractant)  Intratracheal  Suspen- 
sion IS  supplied  in  single-use  glass  vials 
containing  8  ml  of  SURVANTA  (NDC 
0074-1040-08)  Each  milliliter  contains  25  mg 
ol  phospholipids  (200  mg  phospholipids 
8  mL)  suspended  m  0  9%  sodium  chloride 
solution  The  color  is  off-white  to  tight  brown 
Store  unopened  vials  at  refrigeration  tem- 
perature (2-8C)  Protect  from  light  Store 
vtals  m  carton  until  ready  lor  use  Vials  are  lor 
Single  use  only  Upon  opening,  discard 
unused  drug 
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ABSTRACTS 


fewer  than  20  cigarettes  per  day,  no 
increased  risks  were  observed  of  to- 
tal, nuclear  sclerosis,  or  posterior 
subcapsular  cataract.  CONCLU- 
SIONS: These  data  provide  support 
for  the  hypothesis  that  cigarette 
smoking  increases  the  risk  of  de- 
veloping both  nuclear  sclerosis  and 
posterior  subcapsular  cataract. 

A  Prospective  Study  of  Cigarette 
Smoking  and  Risk  of  Cataract 
Surgery  in  Women — SE  Hankin- 
son.  WC  Willett,  GA  Colditz,  JM 
Seddon,  B  Rosner,  FE  Speizer,  MJ 
Stampfer.  JAMA  1992;268:994. 

OBJECTIVE:  To  examine  prospec- 
tively the  association  between  cigar- 
ette smoking  and  the  risk  of  cataract 
extraction  in  women.  DESIGN:  Pros- 
pective cohort  study  beginning  in 
1980  with  8  years  of  follow-up.  SET- 
TING: United  States,  multistate. 
PARTICIPANTS:  Registered  nurses 
45  to  67  years  of  age  and  free  of  di- 
agnosed cancer.  There  were  50,828 
women  included  in  1980  and  others 
were  added  as  they  became  45  years 
of  age.  MAIN  OUTCOME  MEAS- 
URE: Incidence  of  senile  cataract  ex- 
traction. RESULTS:  We  documented 
493  incident  senile  cataracts  di- 
agnosed and  extracted  during 
470,302  person-years  of  follow-up. 
The  age-adjusted  relative  risk  (RR) 
among  women  who  smoked  at  least 
65  pack-years  was  1.63  (95%  con- 
fidence interval  [CI],  1.18-2.26:  p  for 
trend,  0.02).  A  similar  increase  in 
RR  was  noted  when  smoking  was  as- 
sessed in  terms  of  number  of  cigar- 
ettes currently  smoked  or  number  of 
cigarettes  smoked  by  past  smokers. 
Results  were  also  similar  after  ad- 
justing for  other  potential  risk  factors 
for  cataract.  Smoking  was  also 
strongly  associated  with  posterior 
subcapsular  cataract  specifically 
(RR.  2.59;  95%  CI,  1.49-4.50  for  > 
65-pack-year  smokers  relative  to 
nonsmokers).  CONCLUSION:  Smok- 
ing appears  to  increase  the  risk  of 
cataract  extraction  in  women. 


Evaluation  of  Risk  Factors  for  La- 
ryngeal Edema  after  Tracheal  Ex- 
tubation  in  Adults  and  Its  Pre- 
vention by  Dexamethasone:  A 
Placebo-Controlled,  Double-Blind, 
Multicenter  Study — J-Y  Darmon,  A 
Rauss,  D  Dreyfuss,  G  Bleichner,  D 
Elkharrat,  B  Schlemmer,  et  al.  An- 
esthesiology 1992:77:245. 

Because  laryngeal  edema  (LE)  after 
tracheal  extubation  is  likely  to  result 
from  an  exudative  response,  cor- 
ticosteroids often  are  given  routinely 
as  a  preventive  treatment.  No  ad- 
equate controlled  study  supports  this 
strategy,  however.  A  prospective,  ran- 
domized, placebo-controlled,  double- 
blind,  multicenter  trial  that  included 
700  consecutive  patients  requiring 
tracheal  intubation  and  mechanical 
ventilation  was  conducted  to  de- 
termine risk  factors  for  LE  oc- 
currence after  tracheal  extubation  in 
adults  and  to  evaluate  the  efficacy  of 
corticosteroids  in  its  prevention.  One 
hour  before  extubation,  patients  were 
given  either  an  intravenous  bolus  of 
8  mg  dexamethasone  or  a  placebo. 
Patients  were  divided  into  two 
groups:  ( 1 )  those  in  whom  short- 
duration  intubation  (SDI,  less  than 
36  h)  was  administered;  and  (2) 
those  in  whom  long-duration  in- 
tubation (LDI,  more  than  36  h)  was 
administered.  Minor  LE  was  di- 
agnosed when  either  stridor  or  la- 
ryngeal dyspnea,  or  both,  occurred; 
major  LE  was  diagnosed  when  re- 
intubation  due  to  LE  was  required, 
with  LE  evidenced  during  direct  la- 
ryngoscopy. The  overall  incidence  of 
LE  was  4.2%  and  varied  among  the 
six  participating  centers  from  2.3  to 
6.9%  (not  significant).  In  only  seven 
patients  (1%),  all  with  LDI,  was  tra- 
cheal reintubation  required  for  LE. 
Laryngeal  edema  occurred  more  fre- 
quently after  LDI  than  after  SDI  (7.2 
vs  0.9%;  p  <  0.001 ).  It  also  was  more 
frequent  in  female  than  in  male  pa- 
tients (20/284  vs  8/379;  p  <  0.05),  ir- 
respective of  intubation  duration  and 


treatment.  There  was  no  association 
between  LE  and  either  difficulty/ 
route  of  intubation  or  admission  di- 
agnosis. Its  overall  incidence  was  not 
different  between  patients  given  dex- 
amethasone and  those  given  placebo, 
whether  they  were  in  the  SDI  or  LDI 
group  (0.7  vs  1.2%  and  5.7  vs  8.7%, 
respectively).  Dexamethasone  did 
not  affect  the  number  of  patients  re- 
intubated.  Assuming  an  incidence  of 
LE  in  each  group  similar  to  that 
found  in  our  study,  more  than  7.000 
patients  would  need  to  be  studied  to 
evaluate  adequately  the  presence  of  a 
Type-2  error.  Therefore,  we  con- 
clude that  the  overall  incidence  of 
postextubation  LE  in  adults  is  small 
and  that  risk  factors  for  LE  include 
an  intubation  duration  of  more  than 
36  h  and  female  gender.  In  addition, 
8  mg  dexamethasone  given  as  an  in- 
travenous bolus  1  h  before  extuba- 
tion does  not  appear  to  prevent  either 
minor  or  major  forms  of  LE. 


Protection  from  Environmental 
Tobacco  Smoke  in  California:  The 
Case  for  a  Smoke-Free  Work- 
place— R  Borland.  JP  Pierce.  DM 
Bums,  E  Gilpin,  M  Johnson,  D  Bal. 
JAMA  1992:268:749. 

OBJECTIVE:  To  determine  the  ex- 
tent of  exposure  of  nonsmoking  in- 
door workers  to  environmental  to- 
bacco smoke  (ETS)  according  to 
type  of  work-site  smoking  policy, 
work  area,  workplace  size,  and  dem- 
ographic characteristics.  DESIGN  & 
PARTICIPANTS:  Participants  in- 
cluded 7,162  adult,  nonsmoking,  in- 
door workers  who  were  interviewed 
as  part  of  the  1990  California  To- 
bacco Survey.  Respondents  were 
asked  whether  anyone  had  smoked  in 
their  work  area  within  the  past  2 
weeks.  RESULTS:  An  estimated  2.2 
million  California  nonsmokers  were 
exposed  to  tobacco  smoke  at  indoor 
work  sites  in  1990.  Nonsmoker  ex- 
posure to  ETS  was  9.3%  for  those 
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working  in  a  smoke-free  worksite, 
23.2%  for  those  working  where  there 
was  only  a  work-area  restriction, 
46. 79^  for  those  working  where  there 
was  a  policy  that  did  not  include  the 
work  area,  and  51.4%  for  those 
working  where  there  was  no  work- 
site smoking  policy.  After  adjust- 
ment for  type  of  work  area  (eg,  of- 
fice, open  area),  workplace  size,  and 
demographic  factors,  it  was  de- 
termined that  nonsmokers  working 
where  there  was  only  a  work-area 
ban  were  2.8  times  more  likely  to  be 
exposed  to  ETS  than  those  working 
in  a  smoke-free  work  site.  In  work- 
places with  no  policy  or  a  policy  not 
covering  the  work  area,  nonsmokers 
were  over  eight  times  more  likely  to 
be  exposed  to  ETS  than  those  who 
worked  in  a  smoke-free  work  site. 
Nonsmokers  who  were  18  to  24 
years  of  age,  male,  or  Hispanic,  and 


those  with  less  than  a  high  school  ed- 
ucation had  more  exposure  to  ETS. 
CONCLUSION:  These  results  indi- 
cate that  adequate  protection  of  non- 
smokers  from  ETS  exposure  requires 
a  smoke-free  work  site. 

Impact  of  Dyspnea  and  Physiologic 
Function  on  General  Health  Status 
in  Patients  with  Chronic  Ob- 
structive Pulmonary  Disease — DA 

Mahler,  K  Faryniarz,  D  Tomlinson, 
GL  Colice,  AG  Robins,  EM  Olm- 
stead,  GT  O'Connor.  Chest  1992; 
102:395. 

STUDY  OBJECTIVE:  To  examine 
the  relationships  among  clinical 
dyspnea  ratings,  physiologic  pul- 
monary function,  and  general  health 
status  in  symptomatic  patients  with 
chronic  obstructive  pulmonary  dis- 
ease   (COPD).    DESIGN:    Observa- 


tional data  collected  at  a  baseline 
state.  SETTING:  Outpatient  pul- 
monary disease  clinics  at  a  university 
hospital  and  two  VA  medical  cen- 
ters. PATIENTS:  110  male  patients 
with  COPD  with  no  significant  co- 
morbidity were  recruited.  MEAS- 
UREMENTS &  RESULTS:  Clinical 
ratings  of  dyspnea  were  measured  by 
the  multidimensional  baseline  dysp- 
nea index  (BDI).  Pulmonary  function 
tests  included  forced  vital  capacity 
(FVC),  forced  expiratory  volume  in 
1  s  (FEV|),  and  maximal  inspiratory 
mouth  pressure  (Pimax).  General 
health  status  was  assessed  with  the 
Medical  Outcomes  Study  short-form 
survey,  which  consists  of  20  ques- 
tions that  cover  6  health  components. 
The  mean  age  of  the  patients  was  67 
±  8  yr  (±  SD).  The  mean  value  for 
FVC  was  2.84  ±  0.84  L  (68  ±  1 8%  of 
predicted),  for  FEV,  was  1.28  ±  0.59 
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L  (44  ±  17%  of  predicted),  and  for 
Pi„„,  was  59.0  ±  25.0  cm  H:0.  The 
BDI  score  and  Pi„,a»  were  significant- 
ly correlated  with  5  of  the  6  com- 
ponents of  general  health  status. 
Only  3  of  the  6  components  of  gener- 
al health  were  significantly  correlat- 
ed with  FEV|  as  ^c  predicted  (r,  val- 
ue range.  0.30-0.44)  and  with  FVC 
as  %  predicted  (r^  value  range,  0.25- 
0.33).  Statistical  comparisons  show- 
ed that  the  BDI  score  had  significant- 
ly higher  correlations  than  FVC  (% 
predicted).  FEVi  {7(  predicted),  and 
Pinax  values  with  physical  func- 
tioning and  role  functioning.  Multi- 
ple linear  regression  analysis  showed 
that  the  BDI  score  was  the  only  sta- 
tistically significant  predictor  of  role 
functioning,  mental  health,  and 
health  perceptions  for  general  health 
status,  whereas  both  the  BDI  score 
and  FEV|  (1  predicted)  were  in- 
dependent predictors  of  physical 
functioning  and  social  functioning. 
CONCLUSION:  Dyspnea  ratings  in- 
fluence and  predict  general  health 
status  to  a  greater  extent  than  do 
physiologic  measurements  in  symp- 
tomatic patients  with  COPD.  A  shift 
in  focus  from  the  pathophysiology  of 
disease  to  assessment  and  relief  of 
symptoms  may  provide  more  mean- 
ingful benefits  for  the  individual  pa- 
tient in  terms  of  quality  of  life.  This 
consideration  requires  that  health- 
care providers  use  available  meas- 
uring tools  in  clinical  practice  to 
quantify  symptoms,  as  well  as  over- 
all health  status. 


The  Diagnosis  of  Potentially  Fatal 
Asthma  in  Hospitalized  .\dults: 
Patient  Characteristics  and  In- 
creased  Severity  of  Asthma — TP 

Miller,  PA  Greenberger.  R  Patterson. 
Chest  I992;102;5I5. 

We  evaluated  various  patient  char- 
acteristics in  patients  hospitalized  for 
asthma  during  1987  to  1990.  Po- 
tentiallv    fatal    asthma    (PFA)    was 


identified  in  26  of  87  adult  patients 
(29.9%)  hospitalized.  Patients  with 
PFA  had  increased  frequency  of 
prednisone  use  prior  to  hospitaliza- 
tion (p  <  0.001).  shorter  duration  of 
symptoms  before  hospitalization  (p  < 
0.001),  longer  hospitalization  (p  < 
0.001 ),  were  more  likely  to  have  had 
three  or  more  prior  hospitalizations 
(p  <  0.001),  and  had  reduced  pre- 
senting peak  expiratory  flowrates  (p 
<  0.05).  Major  psychiatric  diagnoses 
and  noncompliance  were  significant- 
ly related  to  PFA  cases.  The  di- 
agnosis of  PFA  identifies  a  higher 
risk  patient  with  asthma.  The  data 
suggest  that  at  the  time  of  hospital- 
ization the  PFA  patient  has  had  a 
shorter  recognized  prodrome  of  in- 
creased respiratory  symptoms,  re- 
duced peak  expiratory  flowrates,  and 
greater  likelihood  of  major  psychi- 
atric disease  or  noncompliance.  Ef- 
fective ambulatorj'  control  of  PFA 
and  non-PFA  is  advisable  with  ear- 
lier use  and  higher  dosages  of  oral 
corticosteroids. 


Increased  Exercise  Capacity  in 
Hypoxemic  Patients  after  Long- 
Term  Oxygen  Therapy — DA  Mor- 
rison. JR  Stovall.  Chest  1 992;  1 02: 
542. 

Low-tlow  continuous  oxygen  can 
lead  to  significant  improvement  in 
exercise  capacity  in  selected  patients 
with  stable  hypoxemic  pulmonary 
disease.  Although  the  mechanisms  of 
iinprovement  are  incompletely  un- 
derstood, two  tenable  hypotheses  are 
(I )  the  relief  of  hypoxic  pulmonar\' 
vasoconstriction  and  (2)  improved 
peripheral  oxygen  delivery.  This 
prospective  study  was  performed  to 
examine  these  two  hypotheses. 
Stable  patients  with  hypoxemic  lung 
disease  performed  symptom-limited 
ergometry  with  hemodynamic  mon- 
itoring before  and  after  >  I  month  of 
long-term  home  oxygen  therapy. 
There    were    22    patients    who    in- 


creased exercise  capacity  by  >  100 
KPM/min  and  >  4  min  duration  and 
1 1  patients  who  did  not  increase  their 
exercise  capacity  >  2  min  or  in 
KPM/min.  Neither  the  responders 
nor  the  nonresponders  had  signi- 
ficant changes  in  pulmonary  pres- 
sures or  resistances  or  effective  ar- 
terial volume  elastances  at  exercise 
after  long-term  O:  therapy.  The  re- 
sponders had  significant  increases  in 
oxygen  deliver>'  during  exercise  ( 148 
±  33  mL/min  vs  184  ±  51  mL/min,  p 
=  0.004).  cardiac  output  (7.7  ±  1.6  L/ 
min  vs  8.7  ±  2.1  L/min.  p  =  0.003). 
and  arterial  oxygen  content  (18.6  ± 
2.6  mL/dL  vs  20.2  ±  2.8  mL/dL.  p  = 
0.02).  The  nonresponders  had  no  sig- 
nificant changes  in  these  parameters 
during  exercise.  Increased  exercise 
capacity  in  response  to  long-term  O: 
therapy  is  associated  with  increased 
O:  deli\ery  not  relief  of  hypoxic 
vasoconstriction  (in  terms  of  pres- 
sure or  resistance  or  arterial  elas- 
tance).  Increased  O:  delivery  can  ac- 
crue from  both  increased  cardiac 
output  and  increased  arterial  O:  con- 
tent. Increa.se  in  arterial  O:  content  is 
unique  to  O;  relative  to  all  vaso- 
dilator drugs. 


Pulmonary  Barotrauma  in  Me- 
chanical \'entiIation:  Patterns  and 
Risk  Factors — RB  Gammon.  MS 
Shin,  SE  Buchalter.  Chest  1992:102: 
568. 

The  incidence  of  mediastinal  em- 
physema (ME)  and  pneumothorax 
(PTX)  was  analyzed  to  determine  the 
roentgenographic  patterns  and  risk 
factors  for  the  development  of  baro- 
trauma in  a  population  of  mechan- 
ically ventilated  patients.  The  roent- 
genograms of  139  intubated  patients 
admitted  to  our  medical  intensive 
care  unit  over  a  10-month  period 
were  e\aluated  for  the  presence  of 
ME  and  PTX.  Barotrauma  was  di- 
agnosed in  34  of  these  patients,  and 
ME  was  the  initial  manifestation  in 
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superior  accuracy  and  reproducibility.^'^ 
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(but  hard-to-wear-out)  design,  for  another. 
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only  comprehensive  peak  flow  monitoring 
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The  Companion®  Oxygen 
Concentration  Indicator  (OCI'^'^)  is 
available  exclusively  on  our  492a  and 
590  Oxygen  Concentrators. 

As  the  benefits  of  long-term  oxygen 
therapy  have  become  more  evident, 
there  is  an  increased  need  to  provide  a 
reliable  and  economical  method  to 
verify  adequate  levels  of  continuous 
oxygen  in  the  home. 

The  OCI  does  this  without  the  need  for 
routine  maintenance.  It  can  be  ordered 
when  you  specify  our  oxygen 
concentrator. 


We  think  we  moke  the  most  reliable  and 
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24  patients.  Of  these  patients  with  in- 
itial ME,  10  subsequently  developed 
PTX,  a  positive  predictive  value  of 
42%.  The  adult  respiratory  distress 
syndrome  (ARDS)  patient  popula- 
tion was  at  highest  risk  for  baro- 
trauma, with  an  intermediate  risk 
seen  in  those  admitted  with  COPD  or 
pneumonia.  Values  of  peak  inspira- 
tory pressure,  positive  end-expiratory 
pressure  level,  respiratory  rate,  tidal 
volume,  and  minute  ventilation  were 
significantly  elevated  in  patients  who 
developed  barotrauma  as  compared 
with  patients  who  did  not  develop 
barotrauma.  However,  these  eleva- 
tions in  part  reflect  the  high  in- 
cidence of  barotrauma  in  the  .ARDS 
population,  a  patient  group  in  which 
all  of  the  above  parameters  were  ele- 
vated. 


Comparison  of  Helium  Dilution 
and  Nitrogen  Washout  Measure- 
ments of  F'unctional  Residual  Ca- 
pacity in  Infants  and  Very  Young 
Children — RS  Tepper.  S  Asdell.  Pe- 
diatr  Pulmonol  1992:13:250. 

In  infants  and  very  young  children, 
functional  residual  capacity  (FRC)  is 
the  lung  volume  most  frequently 
measured,  and  gas  dilution  tech- 
niques are  most  frequently  used  to 
measure  FRC.  We  compared  meas- 
urements of  n?C  by  helium  dilution 
(FRChc)  and  nitrogen  washout 
(FRCn2)  in  a  lung  model  of  known 
volumes  (20,  40,  60.  80  mL),  in  8 
normal  infants  (NL),  8  infants  with 
acute  respiratory  illness  (ARI),  and  7 
infants  with  chronic  lung  disease 
(CLD).  In  the  model  lung,  measure- 


ments of  FRChc  had  a  significantly 
greater  coefficient  of  variation  com- 
pared to  FRCn2  (6.5  vs  1.5%,  p  < 
0.02),  but  there  was  no  such  differ- 
ence in  the  results  from  all  infants 
combined  (6.5  vs  6.2%).  In  the  mod- 
el lung,  the  difference  between 
known  volumes  and  the  measured 
values  was  significantly  different 
from  zero  only  for  FRChc  at  20  mL 
(^.4  mL,  p  <  0.02).  For  both  FRChs 
and  FRCn:,  the  slopes  of  the  re- 
gression equations  were  0.99  and  the 
intercepts  not  significantly  different 
from  zero.  We  conclude  that  tech- 
niques for  measuring  FRChc  and 
FRCn:  yield  accurate,  reproducible, 
and  comparable  results  in  normal, 
healthy  infants  and  very  young  chil- 
dren, and  in  those  with  respiratory 
disease. 
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Factors  Affecting  Lung  Volume  Changes  during 
Newborn  Mechanical  Ventilation:  A  Bench  Study 

Robert  M  Lewis  BA  RRT 

BACKGROUND:  The  functional  residual  capacity  and  tidal  volume  of  mechan- 
ically ventilated  infants  recovering  from  respiratory  distress  syndrome  may  in- 
crease as  lung  compliance  improves,  perhaps  with  deleterious  effects.  I  conducted 
a  bench  study  using  5  infant  ventilators  in  current  use  to  determine  factors  af- 
fecting those  volume  increases.  MATERIALS  &  METHODS:  A  lung  simulator  set 
at  I.O  mL/cm  H2O  [0.01  L/kPa]  was  attached  to  each  of  the  5  infant  ventilators 
tested.  Ventilator  flov*'  was  set  at  20  L/min,  inspiratory  time  at  0.66  seconds,  and 
peak  inspiratory  pressure  at  30  cm  H2O.  Simulator  lung  compliance  was  then  in- 
creased to  3  mL/cm  H2O  [0.03  L/kPa],  without  any  change  in  ventilator  settings. 
Changes  in  baseline  end-expiratory  volume  and  tidal  volume  were  recorded,  and 
the  sum  of  these  two  volume  changes  (called  maximum  lung  volume,  or  MaxV) 
was  determined.  This  procedure  was  repeated,  but  with  the  ventilator  flow  set  at 
the  minimum  needed  to  produce  PIP  of  30  cm  H2O.  Then,  both  procedures  were 
repeated  with  inspiratory  time  at  0.17  s.  Additional  trials  were  conducted  on  ven- 
tilators offering  differing  pressure  waveform  or  flow  modes.  Finally,  these  experi- 
ments were  repeated  with  two  ventilators,  but  with  the  ventilator's  circuit  com- 
pliance increased.  RESULTS:  All  ventilators  produced  substantial  increases  in 
MaxV  when  simulator  lung  compliance  increased.  The  magnitude  of  change  var- 
ied widely  with  ventilator  brand  and  settings  (range  210%  to  13%,  or  4  to  63  mL). 
Reduction  in  ventilator  flow  substantially  reduced  the  degree  of  volume  increase. 
When  inspiratory  time  was  reduced,  lung  volume  increase  was  limited  for  most 
ventilators,  but  not  always  as  much  as  when  flow  was  reduced.  Increased  ven- 
tilator-circuit compliance  also  contributed  to  volume  increase.  Tidal  volume  de- 
livered to  the  lung  simulator  prior  to  compliance  increase  was  affected  by  re- 
ductions in  inspiratory  lime  or  flow  in  some  but  not  all  ventilators. 
CONCLUSION:  The  lung  volume  change  produced  as  a  consequence  of  an  in- 
crease in  lung  compliance  varied  significantly  among  the  ventilators  tested.  (Respir 
Care  1992;37:1153-1160.) 


Introduction 

Increased  functional  residual  capacity  (FRC) 
secondary  to  spontaneous  improvements  in  com- 
pliance and  to  auto-PEEP  is  thought  to  be  common 
in  neonates  during  recovery  from  respiratory  dis- 


Mr  Lewis  is  Clinical  Coordinator,  Respiratory  Care  De- 
partment. The  Children's  Memorial  Hospital,  Chicago,  Illinois. 

A  version  of  this  paper  was  presented  by  Mr  Lewis  at  the  Res- 
piratory Care  Open  Forum  during  the  1990  A  ARC  Annual 
Meeting  held  in  New  Orleans,  Louisiana. 

Reprints:  Robert  M  Lewis,  Respiratory  Care  Department,  Box 
58,  The  Children's  Memorial  Hospital,  2300  Children's  PI, 
Chicago  IL  60614. 


tress  syndrome.'-  Patient-related  factors,  such  as 
increasing  time  constants  (secondary  to  increased 
total  lung  coinpliance),  can  contribute  to  increased 
FRC'  -  Increases  in  tt)tal  compliance  (lungs  +  chest 
wall)  can  occur  follovt'ing  administration  of  sur- 
factant,' treatment  with  bronchodilators  and  diuret- 
ics," and  changes  in  position.'  In  addition  to  FRC 
changes,  tidal  volume  may  increase  to  a  potentially 
clinically  important  degree  as  lung  compliance  im- 
proves if  ventilator  settings  remain  unchanged. 

Factors  that  can  potentially  influence  the  ven- 
tilator and  lung's  response  to  increased  compliance 
include  ventilator  design,  inspiratory  time,^  and 
ventilator-circuit  compliance.^  The  effect  of  flow 
on  volume  changes  secondary  to  increasing  com- 
pliance has  not  been  directly  demonstrated.  There- 
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VOLUME  CHANGES  DURING  MECHANICAL  VENTILATION 


fore,  I  attempted  to  determine  whether  { 1)  the  ven- 
tilator flowrate  influences  volume  changes  in  the 
same  manner  in  different  ventilator  brands;  (2)  the 
effects  of  differing  levels  of  flow  are  modified  by 
differing  inspiratory  times;  and  (3)  circuit  com- 
pliance further  modifies  the  response  of  ventilators 
to  changing  lung  mechanics. 

Materials  and  Methods 

Lung  Simulator 

I  used  a  commercially  available  lung  simulator 
(Bio-Tek  VT-2).*  which  can  simulate  both  an  in- 
fant with  respiratory  distress  syndrome,  or  RDS, 
(lung  compliance  1.0  mL/cm  HjO  [0.01  L/kPa]) 
and  a  recovering  infant  (compliance  3.0  mL/cm 
H2O  [0.03  L/kPa]).  Airway  and  lung  pressures,  de- 
livered tidal  volume,  and  end-expiratory  volume 
produced  by  PEEP  or  auto-PEEP  (if  present)  can 
be  measured  with  this  device.  (End-expiratory  vol- 
ume as  I  use  the  term  is  defined  as  the  change  in 
the  simulator's  functional  residual  capacity,  or  end- 
expiratory  volume,  caused  by  PEEP  or  auto-PEEP.) 
The  maximum  lung  volume,  or  MaxV,  then  is  the 
change  in  end-expiratory  volume  plus  tidal  volume 
and  can  be  calculated.  Maximum  lung  volume  in- 
cludes the  contributions  of  both  PEEP  and  tidal 
volume  and  represents  the  gas  contained  in  the  lung 
as  a  result  of  the  ventilator.  A  parabolic  resistor, 
which  was  calibrated  to  produce  a  resistance  of  50 
cm  HP  •  s  •  L  '  [4.9  kPa  •  s  •  L"']  at  a  flow  of  40  L/ 
min,  was  used  at  both  compliance  settings. 

Ventilators 

The  ventilators  studied  were  the  Siemens  Servo 
900C,  Bourns  BP-200,  Bear  Cub,  Sechrist  IV 
lOOB,  and  the  InfantStar  Ventilator.  An  identical 
low-compliance  ventilator  circuit  (0.2  mL/cm  H^O 
[0.02  L/kPal)  was  used  for  each  ventilator  except 
in  the  last  experiment.  All  trials  were  conducted 
three  times  with  each  ventilator,  and  mean  values 
are  reported. 


♦Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


Determining  Factors  Affecting  Volume 

Flow.  For  all  ventilators,  the  test  lung's  low  lung- 
compliance  setting  (1.0  mL/cm  H:0  [0.01  L/kPa]) 
was  selected,  and  the  lung  simulator  was  connected 
to  the  ventilator  circuit.  For  all  ventilators  except 
the  Siemen's  Servo  900C,  the  ventilator  flowrate 
was  set  at  20  L/min,  the  ventilator  rate  at  30/min. 
inspiratory  time  at  0.66  s,  PEEP  at  0,  and  the  pres- 
sure limit  adjusted  to  produce  a  peak  inspiratory 
pressure  (PIP)  of  30  cm  H.O  [2.94  kPa).  Tidal  vol- 
ume and  end-expiratory  volume  were  measured 
and  recorded.  Then,  with  no  change  in  ventilator 
settings,  the  compliance  of  the  simulator  was 
changed  to  3.0  mL/cm  H.O  [0.03  L/kPa],  and  pres- 
sures and  volumes  were  again  recorded. 

The  procedure  was  repeated  with  the  ventilator 
flowrate  set  at  the  minimum  flow  required  to  reach 
a  PIP  of  30  cm  H.O  [2.94  kPa]  (that  is,  the  PIP  was 
determined  only  by  the  ventilator  flow,  not  by  the 
pressure-limit  control). 

Inspiratory  Time.  The  described  procedures  were 
repeated  with  the  ventilator  rate  at  120/min,  and  the 
inspiratory  time  at  0.17  s  (I:E  at  1:2),  at  both  the  20 
L/min  and  minimum  flow  settings. 

Ventilator  Brand  and  Mode.  To  determine  the  ef- 
fect of  changes  in  ventilator  brand  or  mode,  all  of 
the  procedures  were  repeated  with  each  of  the  ven- 
tilators. In  addition,  certain  modifications  or  addi- 
tions to  the  procedures  were  made.  Sechrist  ven- 
tilator— procedures  were  conducted  with  the 
ventilator  pressure-waveform  control  adjusted  first 
to  deliver  a  sine  wave,  and  then  to  produce  a  square 
wave.  The  335  exhalation  block  was  used  for  all 
trials  with  the  Sechrist.  InfantStar — procedures 
were  conducted  with  the  ventilator  set  first  for  de- 
mand flow  and  then  for  continuous  flow.  Siemens 
Servo  900C — because  the  Servo  900C  has  no  di- 
rectly adjustable  flowrate  control,  the  pressure  con- 
trol mode  was  used  when  the  protocol  required  20 
L/min  flow.  This  mode  produces  high  flows  and 
square  inspiratory  pressure  waves.  To  achieve  min- 
imum flows,  the  volume  mode  was  used.  Minute 
volume  was  set  at  the  lowest  value  required  to 
achieve  a  PIP  of  30  cm  H.O  [2.94  kPa].  In  both 
modes,  the  ventilator's  flow  waveform  control  was 
set  to  deliver  a  square  flow  pattern. 
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Table  1.    Effect  of  Flow  and  Inspiratory  Time  on  Maximum  Lung  Volumes  (Test-Lung  'FRC  Change  +  Tidal  Volume)  with  an  In- 
crease in  Test-Lung  Compliance 


Test-Lung  Compliance 


Baseline 
1  mL/cm  H^O 


3  mL/cm  H2O 


Baseline 
1  mL/cm  HiO 


3  mL/cm  H2O 


Ventilator*            1 

nspiratory  Tin 

Servo 

0.66 

0.17 

Cub 

0.66 

0.17 

BP-200 

0.66 

0.17 

InfantStar 

Demand  flow 

0.66 

0.17 

Continuous  flow 

0.66 

0.17 

Sechrist 

Square  wave 

0.66 

0.17 

Sine  wave 

0.66 

0.17 

Volume  with  High  Flow 


Volume  with  Low  Flow 


30 
30 

30 
30 

30 
29 


30 
30 

30 
30 


30 
29 

30 
30 


82 

47 

93 

43 

86 
50 


87 
47 

86 
50 


90 
42 

81 
60 


30 

36 

29 

33 

30 

38 

29 

41 

29 

43 

28 

39 

30 

36 

30 

39 

30 

36 

30 

36 

30 

39 

28 

36 

30 

45 

27 

59 

*  Volumes  are  in  mL;  peak  inspiratory  pressures  were  set  to  30  cm  H2O,  with  rate  of  30  breaths/minute  for  0.66-s  inspiratory  time  and  rate  of  1 20  for 


Ventilator  Compliance.  Finally,  these  procedures 
were  repeated  with  the  Cub  and  BP-200  with  the 
ventilator-circuit  compliance  increased  (by  the  ad- 
dition of  a  large  volume  humidifier)  to  1 .5  mL/cm 
H2O  [0.015  L/kPa]. 

Results 

Effects  on  MaxV  Increases 

MaxV  invariably  increased  as  lung  compliance 
increased,  regardless  of  ventilator  settings,  brand, 
mode,  or  circuit  compliance.  The  magnitude  of 
MaxV  increases  was  influenced  by  flow,  in- 
spiratory time,  brand,  and  mode. 


Flow.  For  all  ventilators  tested,  MaxV  increased  by 
the  greatest  amount  when  20  L/min  flows  (or  the 
pressure-control  mode  on  the  Siemens)  were  used 
Table  1,  Fig.  1).  The  mean  (SD)  MaxV  for  all  ven- 
tilators after  compliance  increased  was  86  (4)  mL, 
an  increase  of  56  mL  in  the  MaxV  over  MaxV 
when  compliance  was  at  the  lower  setting.  In  con- 
trast, when  a  minimum  flow  was  used,  MaxV  in- 
creased by  39  (4)  mL,  an  increase  of  10  mL  over 
mean  MaxV  at  the  lower  compliance. 

Inspiratory  Time.  Reduction  of  inspiratory  time 
reduced  the  degree  of  increase  in  MaxV.  When 
flow  was  high,  and  inspiratory  time  was  at  0.17  s, 
the  mean  increase  was  48  (6)  mL — just  over  half 
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100 


I 


Servo        Cub       BP-200     IS  (D)      IS  (C) 


Sechrist  Sechrist 
SQ  SN 


Fig.  1.  Maximum  lung  volume,  or  MaxV  ■  (end-ex- 
piratory volume,  if  any,  ■  -i-  tidal  volume)  after  increasing 
lung  compliance  from  1  to  3  mL/cm  H2O,  with  peak  in- 
spiratory pressure  =  30  cm  H2O,  rate  =  30  breaths/min 
for  0.66-s  inspiratory  time  (t,),  and  at  120  for  0.1 7-s  t,. 
First  bar  in  each  group  represents  0.66-s  t,  and  20  L/min 
(high  flow);  second  bar  represents  0.66-s  t,  and  low  flow 
(see  text);  third  bar  =  0.1 7-s  t,.  high  flow;  and  fourth  bar  = 
0.17-s  t|,  low  flow.  The  infantStar  (IS)  was  used  in  the 
continuous  (C)  and  demand  (D)  flow  modes,  and  the 
Sechrist  was  used  with  both  the  square-wave  (SQ)  and 
the  sine-wave  (SN)  flow  patterns. 


Ihc  increase  seen  when  inspiratory  time  was  0.66  s. 
When  flow  was  at  the  minimum  setting  and  the  in- 
spiratory time  was  reduced  to  0.17  s.  the  increase 
in  Ma.\V  was  40  (9)  mL. 

Ventilator  Brand  and  Mode.  Lowest  MaxV  was 

always  produced  with  lou-tlow  settings,  regardless 
of  ventilator  brand.  However,  short  inspiratory  lime 
was  not  always  associated  v\ith  the  lowest  MaxV 
for  all  ventilators.  The  Siemen's  Servo  900C.  BP- 
200,  and  the  Sechrist  (square-wave  pressure  pat- 
tern) produced  their  lowest  Ma.\V  at  the  low-tlow. 
short-inspiratory-time  setting.  The  Cub.  Sechrist 
(sine-wave  pressure  pattern),  and  InfantStar  (de- 
mand flow)  produced  their  lowest  MaxV  with  the 
low-flow,  long-inspiratory-time  setting.  When  used 
in  the  continuous-flow  setting,  the  InfantStar  pro- 
duced equali\  knv  MaxV  at  the  low-flow  settings, 
regardless  of  the  inspiratory  time. 

Ventilators  varied  substantial!)  in  their  ahiiit\  to 
minimize  MaxV  increases  through  manipulation  of 
ventilator  settings.  The  Siemens  Servo  9()()C  and 
the  InlantStar  (demand  or  continuous  flow)  had  in- 
creases of  less  than  6  mL  in  MaxV  with  certain 
ventilator  settings,  whereas  the  BP-200.  Cub.  and 
Sechrist  (both  sine-  and  square-wa\c  pressure  pat- 


terns) produced  increases  of  at  least  8  mL  or  more 
at  all  settings. 

MaxV  increases  were  generall)  due  to  increases 
in  tidal  \olume.  Only  the  BP-2()0  and  the  Sechrist 
(sine-wave  pressure  pattern)  had  end-expiratory 
lung  \olumes  of  more  than  6  mL  after  compliance 
increased  (Fig.  1). 

Circuit  Compliance.  When  ventilator-circuit  com- 
pliance was  high.  MaxV  increases  secondary  to 
lung  compliance  increases  were  substantially  high- 
er than  w  hen  ventilator  compliance  was  low,  for  all 
combinations  of  settings  except  the  high-flow. 
().66-s  inspiratory  time  (Fig.  2).  At  the  120-breaths/ 
min  setting,  it  was  not  possible  to  reach  the  PIP 
with  a  flow  of  less  than  20  L/min:  therefore,  only 
the  high-flow  setting  is  reported  at  0.17-s  in- 
spiratory time. 


BP 

0.66  s 

HF 


BP 

0.66  s 

LF 


BP 

0.17s 

HF 


Cub 

0.66  s 

HF 


Cub  Cub 

0  66  s         0.17  s 

LF  HF 


Fig.  2.  End-expiratory  ■  and  tidal  volumes  ■  produced 
when  test-lung  compliance  was  increased  and  ventilator- 
circuit  compliance  was  0.2  mL7cm  H2O  (first  of  each  pair 
of  bars)  or  1.5  mUcm  HjO  (second  of  each  pair).  Ven- 
tilators and  ventilator  settings  were  BP-200  (BP)  and 
Cub  with  inspiratory  time  (t,)  at  either  0.17-s  or  0.66-s.  at 
high  (HF)  20  Umin,  or  low  (LF)  flows  (see  text).  At  0.17-s 
t„  minimum  and  maximum  flow  were  the  same.  Maxi- 
mum lung  volume,  or  MaxV  =  end-expiratory  volume  (if 
any)  -1-  tidal  volume. 

EfTects  on  Tidal  \ Olume 

Ventilator  Brand.  .Mode,  and  Settinjjs.  Tidal  vol- 
ume changes  at  the  low-compliance  setting  varied 
little  due  to  changes  in  inspiratory  time  or  flow 
(Table  2).  Using  the  tidal  volume  measured  at  the 
().66-s  inspiratory  time,  high-flow  setting  as  a  refer- 
ence, tidal  \olume  changed  by  more  than  lO^i^  (?• 
mL)  only  with  the  BP-200  and  Sechrist  (sine-wave 
pressure  pattern)  due  to  decreasing  flow  and/or  de- 
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Table  2.  Effect  of  Flowrate  on  Tidal  Volume  with  Long  and 
Short  Inspiraton  Times  and  Tesl-Lung  Compliance 
Constant  at  1  mL/cm  H:0 


Tidal  Volume 

Inspiratory 

High 

Low 

Ventilator* 

Time  (seconds) 

Flow 

Flow 

Servo 

0.66 

30 

30 

0.17 

30 

29 

Cub 

0.66 

30 

30 

0.17 

28 

29 

BP-200 

0.66 

26 

29 

0.17 

26 

25 

InfantStar 

Demand  flow 

0.66 

30 

30 

0.17 

30 

30 

Continuous  flow 

0.66 

30 

30 

0.17 

30 

30 

Sechrist 

Square  wave 

0.66 

30 

30 

0.17 

29 

28 

Sine  wave 

0.66 

30 

30 

0.17 

26 

27 

*  All  volumes  are  in  mL.  Peak  inspirator)'  pressure  =  30  cm  HiO; 
PEEP  =  0;  rate  =  30/min  at  0.66-s  inspiratory  time.  120/min  at  0.17-s 
inspiratory  time. 


creasing  inspiratory  time.  Of  interest,  decreasing 
flow  resulted  in  an  increase  in  tidal  volume  with 
the  BP-200.  Reduction  in  inspiratory  time  pro- 
duced a  greater  than  10%  drop  in  tidal  volume  at 
both  flowrates  with  the  Sechrist  (sine-wave  pres- 
sure pattern),  and  a  similar  loss  in  tidal  volume 
with  the  BP-200  only  at  the  low-flow  settings. 

Circuit  Compliance.  With  the  BP-200,  a  high  ven- 
tilator-circuit compliance  magnified  the  effect  of 
reducing  inspirator)'  time  on  changes  in  tidal  vol- 
ume when  lung  compliance  was  0.1  mL/cm  H2O. 
Tidal  volume  dropped  28%  with  the  BP-200  when 
inspiratory  time  was  decreased. 


Effect  on  Peak  Inspiratory  Pressure 

PIP  dropped  when  compliance  improved.  The 
least  change  was  noted  in  the  long-inspiratory- 
time,  high-flow  settings  (0-2  cm  H.O  |0-0.I96 
kPa]).  Decreases  in  PIP  with  the  other  settings 
were  as  great  as  14  cm  H^O  [  1 .37  kPa], 

Discussion 

Lung  overdistention  may  increase  the  risk  for 
pulmonary  air  leak,^  reduce  effective  ventilation,** 
and  unfavorably  alter  intracranial  pressures  and 
blood  flow.'""'-  My  results  suggest  that  lung  vol- 
ume increases  secondary  to  improved  compliance 
are  influenced  by  ventilator  brand  and  ventilator 
settings.  Reduction  in  inspiratory  time  or  flow  can 
reduce  the  extent  of  lung  overdistention,  but  the  ex- 
act combination  that  produces  the  lowest  MaxV  (ie, 
the  change  that  could  produce  overdistention)  var- 
ies among  ventilators. 

Reduction  in  inspiratory  time  has  been  shown  by 
several  investigators  to  reduce  the  risk  of  pul- 
monary air  leak.'^"'*  The  mechanism  by  which  pul- 
monary air  leak  is  reduced  is  unclear.  However, 
this  study  and  others  suggest  that  inspiratory  time 
may  affect  the  risk  of  pneumothorax  by  limiting  the 
increase  in  lung  volume  associated  with  increasing 
lung  compliance. 

Previously  published  reports  demonstrating  a  re- 
duced risk  for  pulmonary  barotrauma  with  short  in- 
spiratory times  used  ventilators  not  commonly  in 
use  today  (eg,  the  Babybird''*'"').  This  study  con- 
firms, with  a  more  contemporary  group  of  ven- 
tilators, that  short  inspiratory  times  reduce  the 
amount  of  lung  volume  increase  as  lung  com- 
pliance improves.  However,  the  role  of  flow  in  the 
prevention  of  barotrauma  has  not  been  fully  ex- 
plored. For  several  of  the  ventilators  tested,  the  po- 
tential for  lung  overdistention  was  lowest  at  long 
inspiratory  times,  when  minimum  flows  were  used. 
In  some  cases,  lung  volume  changes  were  sub- 
stantially greater  when  short  inspiratory  times  were 
used,  in  contrast  to  long-inspiratorv-time.  low-flow 
settings.  This  suggests  that  clinical  studies  con- 
cerning the  efficacy  and  safety  of  various  ven- 
tilatory strategies  should  not  be  generalized  beyond 
the  ventilator  brands  used. 
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It  is  not  clear  what  accounts  tor  the  differences 
between  ventilators  in  the  response  to  increasing 
lung  compliance,  although  exhalation  valve  design 
probably  accounts  for  some  of  the  differences  ob- 
served. For  example,  the  Sechrist  ventilator  relies 
on  its  exhalation  valve  to  produce  the  pressure 
waveform  selected  by  the  operator.  When  a  square 
wave  is  selected,  the  exhalation  valve  closes  rapid- 
ly, allowing  for  a  more  rapid  increase  in  ventilator 
pressure.  In  contrast,  when  the  sine  wave  is  se- 
lected, the  valve  closes  slowly,  allow  ing  for  a  more 
gradual  buildup  of  pressure.  The  exhalation  valve 
also  opens  slowly  when  the  sine  wave  is  selected, 
accounting  for  the  large  end-expiratory  volumes 
seen. 

If  lung  overdistention  is  to  be  minimized  during 
recovery  from  RDS,  peak  airway  pressures  must  be 
allowed  to  drop  spontaneously  as  lung  compliance 
improves.  Use  of  high  flows  prevents  this.  When 
flows  greatly  in  excess  of  the  minimum  needed  to 
achieve  the  desired  PIP  are  used,  the  ventilator  will 
be  able  to  maintain  the  preset  pressure  even  in  the 
face  of  increasing  lung  compliance.  However, 
when  minimum  flows  are  used,  ventilator  pressures 
cannot  be  maintained  because  the  volume  nec- 
essary to  accommodate  the  increased  lung  com- 
pliance is  not  available.  The  pressure  developed 
within  the  circuit  drops,  and  tidal  volume  increases 
are  minimized.  In  other  words,  the  lower  the  flow 
set  on  the  ventilator,  the  more  a  continuous-flow, 
time-cycled  ventilator  acts  as  a  volume-limited  (or 
flow-limited)  ventilator.  Despite  being  commonly 
referred  to  as  pressure  ventilators,  time-cycled  con- 
tinuous-flow ventilators  can,  if  no  pressure  limit  is 
employed,  deliver  a  constant  tidal  volume  (ie,  be 
volume-  or  flow-limited).  When  it  is  operated  in 
the  flow-  or  volume-limited  mode,  the  ventilator's 
peak  inspiratory  pressure  and  pressure  waveform 
are  dependent  on  patient  compliance  and  resis- 
tance.'"^ 

In  contrast,  when  the  ventilator  is  operated  as  a 
pressure-controller,  the  pressure  waveform  and 
peak  inspiratory  pressure  are  (ideally)  not  affected 
by  patient  compliance  or  resistance.'^  To  allow  the 
ventilator  to  function  as  a  pressure-controller,  de- 
spite large  changes  in  resistance  or  compliance, 
high  flows  are  needed.  As  preset  flow  is  reduced 
from  the  maximum  toward  the  minimum  that  al- 
lows the  ventilator  to  meet  the  desired  PIP,  the  ven- 


tilator responds  more  and  more  like  a  flow-  or  vol- 
ume-controller as  compliance  increases,  despite 
continuing  to  act  as  a  pressure-controller  should 
compliance  decrease. 

Most  of  the  trials  in  this  study  were  conducted 
with  an  unusually  low  circuit  compliance  of  0.2 
mL/cm  HiO.  This  was  done  in  order  to  highlight 
differences  between  ventilator  brands  and  eliminate 
any  extraneous  influence  from  the  ventilator  cir- 
cuit. However,  a  greater  increase  in  MaxV  was  not- 
ed in  the  two  ventilators  tested  with  a  high- 
compliance  circuit.  The  degree  to  which  ventilator 
pressure  drops  is  determined  not  by  the  increase  in 
patient  compliance  alone  but  by  the  increase  in  the 
sum  of  ventilator  and  lung  compliance.  If  lung 
compliance  is  low  in  relation  to  circuit  compliance, 
a  large  increase  in  lung  compliance  has  little  effect 
on  the  sum  of  patient  and  ventilator  compliance. 
The  drop  in  ventilator  peak  inspiratory  pressure  is 
minimal,  and,  hence,  tidal  volume  increases  sub- 
stantially. Conversely,  when  lung  compliance  is 
high  in  relation  to  ventilator-circuit  compliance, 
then  a  large  increase  in  lung  compliance  has  a  pro- 
portionately larger  effect  on  the  sum  of  the  two. 
The  decrease  in  ventilator  peak  pressure  is  greater, 
and  tidal  volume  increases  are  minimized. 

MaxV  may  also  increase  due  to  increases  in  end- 
expiratory  volume  when  a  high-compliance  ven- 
tilator circuit  is  used.  Scott  et  al"'  demonstrated  that 
ventilator-circuit  compliance  can  cause  a  large  in- 
crease in  auto-PEEP.  They  studied  an  adult  volume 
ventilator  (MA-1).  This  study  extends  their  find- 
ings to  infant  ventilators. 

When  ventilator-circuit  compliance  is  high, 
more  gas  is  contained  in  the  circuit.  This  gas.  when 
combined  with  the  patient's  exhaled  gas.  increases 
the  total  amount  of  gas  that  must  be  emptied  from 
the  circuit  in  the  expiratory  time  allotted.  Hence, 
exhalation  may  not  be  complete,  and  end-ex- 
piratory volumes  may  increase. 

Spontaneously  decreasing  peak  airway  pressures 
associated  with  improving  lung  compliance  can 
easily  be  interpreted  as  increasing  leak  around  the 
endotracheal  tube,  leading  practitioners  to  adjust 
pressures  back  to  their  original  level.  More  wide- 
spread use  of  tidal  \olume  monitors  should  allow 
clinicians  to  differentiate  true  changes  in  patient 
ct)mpiiance  from  other  causes  of  ventilator  pressure 
variability. 
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The  relative  importance  of  lung  overdistention 
in  the  etiology  of  pneumothorax  during  periods  of 
increasing  compliance,  as  in  the  recovery  phase  of 
RDS,  has  not  been  established.  In  fact,  many  stud- 
ies of  surfactant  replacement  therapy  have  demon- 
strated a  reduced  risk  for  pulmonary  air  leak,"  sug- 
gesting that  improvements  in  lung  compliance  pro- 
tect against  pulmonary  air  leak,  despite  associated 
increases  in  lung  volume.  Other  mechanisms  (such 
as  reduction  in  asynchronous  breathing'^)  have 
been  proposed  to  account  for  the  reduced  risk  for 
air  leak  when  short  inspiratory  times  are  used. 
However,  another  potential  benefit  of  reducing 
flow  and  inspiratory  time  to  minimize  lung  over- 
distention is  suggested  by  the  observations  of  sev- 
eral investigators  that  increased  intrapulmonary 
pressures  unfavorably  alter  intracranial  pressure 
and  blood  flow,  especially  during  periods  of  in- 
creasing lung  compliance  or  during  asynchronous 
breathing.'"-'-"^ 

Although  several  ventilators  tested  produced 
lower  MaxV  with  the  long-inspiratory-time,  low- 
flow  setting,  reduction  in  inspiratory  time  may  be 
the  preferred  method  of  ventilation  because  it  has 
been  shown  previously  that  shortened  inspiratory 
times  reduce  the  amount  of  asynchronous  breath- 
ing.'* However,  the  long  inspiratory  time  selected 
for  my  study  is  closer  to  the  short  inspiratory  time 
shown  to  be  beneficial  in  the  study  by  Heicher  et 
al." 

My  study  is  in  general  agreement  with  pre- 
viously published  reports  by  Greenough  and  Gree- 
nall'°  and  Boros  et  al-'  on  tidal  volume  changes  at 
high  ventilator  rates.  Two  of  the  ventilators  tested 
in  my  study  were  also  studied  by  Boros  et  al  (BP- 
200  and  Sechrist).  Boros  et  al  found  a  greater  re- 
duction in  tidal  volume  with  increasing  rate  (more 
than  509c  as  rate  increased  from  25  to  120).  How- 
ever, their  lung  model  had  a  time  constant  twice 
that  of  mine,  and  the  ventilator-circuit  compliance 
was  nearly  four  times  greater.  Both  factors  increase 
tidal  volume  loss  due  to  shortened  inspiratory 
times. 

Greenough  and  Greenall's  study  included  three 
ventilators  (Sechrist,  Cub,  and  BP-200)  also  tested 
in  this  study.  They  used  a  lung  model  with  a  time 
constant  identical  to  mine,  but  information  is  not 
provided  on  circuit  compliance.  Both  their  study 
and  mine  showed  tidal  volume  losses  of  less  than 


10%  secondary  to  decreased  inspiratory  time  for 
the  Cub  and  Sechrist.  However,  their  results  dem- 
onstrated a  29%  loss  in  volume  with  the  BP-200, 
consistent  with  my  findings  when  ventilator-circuit 
compliance  was  high. 

Studies  of  ventilator  performance  using  lung 
simulators  have  obvious  drawbacks,  and  some  cau- 
tion is  warranted  prior  to  clinical  application  of  re- 
sults. Chief  among  these  drawbacks  is  the  fact  that 
almost  all  lung  models  consist  of  a  single,  rigid 
chamber  to  simulate  the  alveoli  (compliance)  and  a 
single  narrow  tube  or  connector  to  simulate  the  air- 
ways (resistance).  In  reality,  the  lung  consists  of 
thousands  of  units  each  with  its  own  time  constant. 
Lung  units  with  very  high  and  very  low  time  con- 
stants can  coexist  in  the  lung,  and  a  lung  model 
with  a  single  time  constant  cannot  completely  re- 
flect the  lung's  response  to  mechanical  ventilation. 

Conclusions 

In  conclusion,  lung  overdistention  can  be  mini- 
mized through  reduced  flows  and  inspiratory  times 
and  the  use  of  low-compliance  ventilator  circuits. 
The  clinically  important  variations  in  potential  lung 
overdistention  produced  by  different  ventilators 
suggest  that  studies  of  the  effects  of  inspiratory 
time  be  considered  specific  to  the  brand  tested. 

PRODUCT  SOURCES 

Ventilators: 

Siemens  Servo  900C,  Siemens  Life  Support  Systems, 

Schaumberg  IL 
Bourns  BP-200  and  Bear  Cub,  Bear  Medical  Systems, 

Riverside  CA 
Sechrist  IV  lOOB.  Sechrist  Industries,  Anaheim  CA 
InfantStar,  Infrasonics  Industries,  San  Diego  CA 

Ventilator  Tester: 

Bio-Tek  VT-2,  Bio-Tek  Instruments  Inc,  Winooski  VT 
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Rapid  Analysis  of  Exhaled  CO2  To  Assess 
Endotracheal  Tube  Placement 

Sharon  L  Day  RRT,  Larry  Wooton  RRT,  and  Neil  Maclntyre  MD 

BACKGROUND:  Assessing  proper  placement  of  an  endotracheal  tube  can  be  dif- 
flcult.  Assessment  techniques  include  visualization  of  the  tube  in  the  larynx,  aus- 
cultation of  the  chest  and  abdomen,  assessment  of  compliance  by  the  'feel'  of  the 
resuscitation  bag,  assessment  of  radiographs,  and  observations  related  to  the  pres- 
ence or  absence  of  (1)  humidity  in  the  tube,  (2)  patient  phonation,  or  (3)  gastric 
contents  in  the  tube.  Despite  these  techniques,  tubes  can  be  misplaced.  We  rea- 
soned as  have  others  that  the  presence  or  absence  of  CO2  might  be  a  more  rapid 
and  specific  indicator  of  tube  placement.  METHOD  &  MATERIALS:  All  endo- 
tracheal intubation  attempts  by  Respiratory  Care  Services  at  Duke  University 
Medical  Center  from  July  1989  to  October  1990  were  studied.  A  Biochem  515 
portable  CO;  monitor  was  used  to  detect  CO2  in  the  gas  returned  through  the  en- 
dotracheal tube.  Proper  tube  position  was  ultimately  confirmed  by  chest  radio- 
graph. RESULTS:  We  analyzed  the  933  patient  intubations  that  occurred  during 
the  study  period,  and  found  that  in  915/925  successful  intubations  CO2  was  present 
(true  positive  99% ),  and  in  8/8  unsuccessful  intubations  CO;  was  absent  (true  neg- 
ative 100%).  No  unsuccessful  intubations  had  CO2  present  (false  positive  0%)  and 
10/925  successful  intubations  had  CO;  absent  (false  negative  of  1.1%).  Of  the  10 
successful  intubations  that  did  not  result  in  endotracheal  CO2.  7  subjects  were  be- 
lieved to  have  had  little  or  no  CO;  in  the  lung  due  to  poor  cardiopulmonary  per- 
fusion, 1  was  associated  with  a  faulty  CO2  analyzer,  and  for  2  there  was  no  ex- 
planation for  the  absence  of  CO;.  CONCLUSION:  Our  results  confirm  the  earlier 
work  of  Owen  and  Cheney  reported  in  this  journal.  Although  no  one  sign  is  com- 
pletely conclusive  for  verification  of  endotracheal  tube  placement,  CO;  detection  is 
quick  and  easy,  and  the  presence  of  CO2  confirms  proper  intubation.  (Respir  Care 
1992;37:1161-1165.) 


Introduction 

Endotracheal  intubation  is  a  life-saving  pro- 
cedure routinely  performed  by  physicians,  res- 
piratory care  practitioners,  certified  registered  nurse 
anesthetists,    and    paramedics.    Assessing    proper 
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placement  of  the  endotracheal  tube  (ETT)  can  be 
difficult.  Standard  techniques  include  visualization 
of  the  tube  in  the  larynx;  auscultation  of  the  chest 
and  abdomen;  assessment  of  compliance  via  the 
'feel'  of  the  resuscitation  bag;  radiologic  assess- 
ment; and  observations  related  to  the  presence  or 
absence  of  ( 1 )  humidity  in  the  tube,  (2)  patient  pho- 
nation, or  (3)  gastric  contents  in  the  tube.  Despite 
these  techniques,  up  to  1.8%  of  endotracheal  in- 
tubations assessed  to  be  correct  in  fact  are  mis- 
placed in  the  esophagus.'  - 

A  more  specific  approach  to  ETT  placement  has 
been  the  measurement  of  carbon  dioxide  (COi)  in 
the  tube.'^  The  premise  has  been  that  if  CO2  is 
present,  the  tube  is  in  the  trachea,  and  if  COt  is  ab- 
sent, the  tube  is  in  the  esophagus.  This  premise  is 
based  on  the  presumption  that  the  lung  releases  gas 
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containing  substantial  CO;,  whereas  the  gastro- 
intestinal tract  does  not.  However,  this  may  not  al- 
ways be  true.  In  severe  lung  hypoperfusion,  tra- 
cheal CO2  may  be  very  low^  and,  conversely,  fol- 
lowing ingestion  of  large  amounts  of  CO2  (eg, 
carbonated  beverages,  antacids)  stomach  gas  can 
contain  COi.'*  We  thus  assessed  a  large  number  of 
intubation  attempts  in  our  hospital  with  immediate 
CO;  analysis  of  ETT  gas  to  establish  the  accuracy 
and  reliability  of  this  technique  for  determining 
proper  tube  placement. 

Method  and  Materials 

All  endotracheal  intubation  attempts  by  Res- 
piratory Care  Services  at  Duke  University  Medical 
Center  from  July  1989  to  October  1990  were  stud- 
ied. In  our  hospital.  Respiratory  Care  Services  is 
the  primary  responder  for  all  emergency  and  elec- 
tive endotracheal  intubations.  For  all  attempts  at  in- 
tubation, we  documented  indications,  number  of  at- 
tempts, route  (nasal  vs  oral),  results  of  post- 
intubation  auscultation  and  observation  for  ev- 
idence of  respiratory  compromise,  and  radiologic 
assessment.  In  addition,  during  this  period  we  an- 
alyzed all  gas  returned  from  ETT  using  a  portable 
CO2  analyzer  (Biochem  515,  Biochem  Corp,  Wau- 
kesha WI)  to  determine  the  presence  or  absence  of 
CO;  .  The  analyzer  uses  infrared  absorption  to  de- 
tect CO;.  Its  qualitative  response  is  displayed  on  a 
bank  of  8  light-emitting  diodes  (LEDs).  We  de- 
cided prospectively  to  accept  a  strong  signal  (the  il- 
lumination of  >  3  LEDs)  as  evidence  of  the  pres- 
ence of  CO;.  The  analyzer  requires  no  warmup  or 
calibration  and  has  a  response  time  of  160  milli- 
seconds. Exhaled  gas  was  analyzed  for  8-10 
breaths  following  intubation.  Patients  were  also  as- 
sessed for  ETT  placement  with  the  usual  clinical 
evaluation  and  chest  radiograph.  If  there  was  any 
clinical  concern  that  the  tube  was  in  the  esophagus, 
the  tube  was  immediately  removed  and  reinserted. 

Data  were  analyzed  in  the  following  way.  The 
true-positive  condition  was  quantitated  as  the  num- 
ber of  times  CO;  was  detected/number  of  times  the 
ETT  was  determined  to  be  placed  properly  by  sub- 
sequent auscultation,  arterial  blood  gas  analysis, 
and  chest  radiograph.  The  true-negative  condition 
was  quantitated  as  the  number  of  times  CO;  was 
not  detected  immediately  postintubation/number  of 
times  the  ETT  was  determined  by  auscultation,  ar- 


terial blood  gas  analysis,  and  chest  radiograph  to  be 
in  esophagus.  The  false-positive  condition  was 
quantitated  as  the  number  of  times  CO;  was  de- 
tected/number of  times  the  ETT  was  placed  in- 
correctly. The  false-negative  condition  was  quan- 
titated as  the  number  of  times  CO;  was  absent/ 
number  of  times  the  ETT  was  placed  correctly. 

Table  1 .  Intubation  Attempts  by  Respiratory  Care  Services  at 
Duke  University  Medical  Center  from  July  1989  to 
October  1990 


Total  number  of  patients  intubated 

Route 

Nasal 

Oral 
Indication 

Airway  protection 

Secretion  clearance 

Ventilatory  support 

Cardiopulmonary  arrest 

Airway  obstruction 

Total  patients  with  complete  data 
for  analysis 


977 

88 
889 

83 

10 

614 

266 

4 

933 


Results 

During  the  16-month  evaluation  period,  977  pa- 
tients were  endotracheally  intubated  by  the  Duke 
University  Respiratory  Care  Services,  and  933  of 
these  patients  had  complete  data  for  analysis  (Table 
1).  True  positives  and  true  negatives  for  proper  en- 
dotracheal tube  placement  by  CO;  analysis  were 
99%  and  100%,  respectively.  False-positive  and 
false-negative  results  for  successful  intubation  by 
CO;  analysis  were  0%  and  1.1%,  respectively  (Fig. 
1).  In  the  10  subjects  successfully  intubated  from 


true  positive 


false  positive  ■■ 


true  negative  = 


false  negative  ■ 


CO2  present 


915 


'ssful  intubation     925 


=  99%. 


CO:  present 


0 


unsuccessfidl  intubation     8 


0%. 


no  CO:  present        _  8 
unsuccessful  intubation      8 


=  ^  =  700%. 


no  CO:  present 


10 


successful  intubation       925 


1.1%. 


Fig.  1 .  Results  of  CO2  analysis  In  933  Intubation  attempts 
by  Respiratory  Care  Services  at  Duke  University  Medical 
Center  from  July  1989  to  October  1990. 
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whom  no  ETT  COi  was  recovered,  5  were  under- 
going cardiopulmonarv'  resuscitation  (CPR)  and 
were  believed  to  have  poor  pulmonar\  perfusion, 
and  2  were  found  at  autopsy  to  have  massive  pul- 
monarv'  emboU.  The  CO;  analyzer  used  on  1  pa- 
tient was  subsequently  found  to  be  faulty,  and  in  2 
patients  no  apparent  explanation  was  found  for  the 
absence  of  CO2  in  the  properly  placed  ETT. 


ventilation  may  indicate  that  the  tube  has  been 
placed  in  the  esophagus. 

Noting  the  feel  of  the  manual  resuscitation 
bag — the  feel  through  an  ETT  placed  in  the  tra- 
chea should  be  different  from  the  feel  through  a 
tube  in  the  esophagus  because  the  lungs  are 
more  compliant  than  the  esophagus. 


Discussion 

The  placement  of  the  ETT  should  be  verified 
quickly  and  accurately  following  attempted  endo- 
tracheal intubation  (whether  by  oral  or  nasal  route). 
Esophageal  intubation  is  the  most  avoidable  early 
complication  of  intubation  (leading  in  the  cat- 
egories of  death,  neurologic  damage,  and  an- 
esthesia mortality).'  Indicators  of  proper  placement 
include- 

•  Seeing  the  endotracheal  tube  pass  through  the 
glottis  unimpeded — many  clinical  conditions 
and  differences  in  tracheal  anatomy  prevent  the 
operator  from  clearly  making  this  observation. 
(This  concept  also  assumes  that  the  tube  does 
not  become  dislodged  after  placement  is  con- 
firmed visually.) 

•  Auscultating  breath  sounds  bilaterally  after  in- 
tubation to  verify  air  movement  when  the  patient 
receives  a  mandatory  breath — breath  sounds 
should  be  auscultated  at  the  mid-axillary  line  to 
ensure  that  they  are  audible  and  occur  with  each 
manual  insufflation  of  the  bag.  In  certain  patient 
conditions  (obesity,  CPR  delivery,  noisy  en- 
vironments such  as  in  an  ambulance,  presence  of 
the  drapes  of  a  sterile  chest  field),  it  may  be  im- 
possible to  verify  tube  placement  by  ausculta- 
tion. 

•  Observing  symmetrical  chest  excursion  with  the 
delivery  of  a  mandatory  breath — several  clinical 
conditions  may  impede  this  observation  (eg. 
obesity,  pendulous  breasts,  or  a  fixed  chest  wall 
as  seen  in  the  patient  with  COPD). 

•  Auscultating  the  epigastrium  and  observing  the 
stomach — breath  sounds  noted  more  loudly  over 
the  umbilicus  and  stomach  bloating  with  manual 


•  Hearing  vocal  sounds  from  the  patient  after  in- 
tubation— the  patient  who  speaks,  coughs,  or 
makes  any  tracheal  sounds  after  intubation  prob- 
ably is  not  intubated  in  the  trachea.  No  vocal 
sounds  should  be  possible  if  the  tube  has  been 
passed  through  the  glottis. 

•  Free  movement  of  air  through  the  ETT  of  spon- 
taneously breathing  patients — if  air  movement 
into  and  out  of  the  ETT  is  easy  to  feel  and  hear, 
the  tube  is  almost  certainly  in  the  trachea  (as- 
suming the  patient  can  take  spontaneous 
breaths). 

•  Gastric  contents  expelled  from  the  ETT  (usually 
a  sign  of  esophageal  intubation) — unless  there 
has  been  recent  gastric  aspiration,  no  dark,  bile- 
like fluid  (as  seen  in  the  stomach)  is  seen  in  the 
airways.  For  patients  who  are  experiencing  pul- 
monary edema,  fluid  in  the  lungs  may  range 
from  yellow  to  pink  tinged  and  will  usually  be  a 
much  smaller  amount  than  noted  from  the  stom- 
ach. 

•  Condensation  present  within  the  ETT  when  the 
tube  is  in  the  trachea — because  the  air  in  the 
lungs  is  heated  and  humidified  by  normal  phys- 
iologic processes,  moisture  usually  condenses  in 
exhaled  air.  This  method  is  not  foolproof,  how- 
ever, because  gastric  gas  can  mimic  this  phe- 
nomenon in  esophageally  intubated  patients. 

•  Rapidly  developing  physiologic  instability  when 
the  tube  is  placed  in  the  esophagus  (especially  in 
infants  and  neonates) — bradycardia  and  de- 
saturation  occur  rapidly  in  infants  and  neonates, 
and  these  are  very  likely  indicative  of  esoph- 
ageal intubation.  Most  patients  respond  very 
quickly  to  extubation  and  hyperoxygenation/ 
manual    ventilation   if  the   tube   is   mistakenly 
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placed  in  the  esophagus.  AduUs  will  also  show 
clinical  deterioration  if  the  tube  is  mistakenly 
placed  in  the  esophagus,  but  this  may  occur 
more  slowly.'' 

•  Radiographic  confirmation  of  tube  placement — 
most  ETTs  are  fitted  uitii  a  radiopaque  strip  that 
can  be  seen  on  the  chest  radiograph.  Tracheal 
cannulation.  main-stem  intubation,  and  tube  dis- 
tance from  the  carina  can  all  be  determined  from 
the  postintubation  chest  radiograph. 

•  Direct  re  visualization  by  laryngoscopy — if  the 
previously  described  means  of  verifying  tube 
placement  fail  and  some  question  still  exists,  di- 
rect visualization  may  be  necessary.  This  re- 
quires another  laryngoscopy  to  see  whether  the 
tube  has  passed  into  the  trachea  or  into  the 
esophagus.  Again,  this  method  may  be  difficult 
if  the  patient's  clinical  condition  maives  ma- 
nipulation of  the  neck  difficult  or  dangerous  (eg, 
possible  cervical  spine  damage,  presence  of  a 
cervical  collar,  cervical  arthritis).  In  addition, 
variations  in  the  laryngeal  anatomy  can  make  re- 
visuali/alion  difficult  and  sometimes  unreliable. 
Visualization  of  the  trachea  allows  an  accurate 
determination  to  be  made. 

•  Pulse  oximetry — pulse  oximetry  during  intuba- 
tion may  reveal  esophageal  intubation.  As  noted 
earlier,  hemoglobin  desaturation  occurs  more 
quickly  in  the  infant  or  neonate  than  in  adults. 
Nevertheless,  hemoglobin  desaturation  oc- 
curring in  adults  can  be  a  sign  of  esophageal  in- 
tubation. 

•  Use  of  an  introducer — a  so-called  introducer,  a 
60-cm  graduated  plastic  catheter,  when  in.serted 
through  the  irachcally-piaced  ETT,  meets  re- 
sistance at  about  the  28-  to  32-cm  mark.  It  the 
tube  is  placed  in  the  esophagus,  no  resistance  is 
met  as  the  introducer  passes  unopposed  into  the 
stomach. 

Another  CO,  analyzer  suitable  for  use  during  in- 
tubation is  the  portable,  disposable  coiorimetric  de- 
vice (EasyCap,  Nellcor,  Hayward  CA),  which  has  a 
reagent  sensitive  to  the  presence  of  exhaled  COi."^"^ 
A  color  chance  from  the  baseline  within  6  breaths 


is  considered  to  be  a  positive  indication  of  COt  and 
suggests  tracheal  intubation.  This  device  is  limited 
to  a  minimal  age-weight  relationship  (8  years  of 
age  or  60  pounds)  because  of  the  intrinsic  dead 
space  (about  38  mL)." 

Our  results  demonstrate  that,  in  addition  to  con- 
ventional assessment  techniques,  CO,  analysis  of 
ETT  gas  is  a  reliable  adjunct.  These  results  confirm 
the  work  of  others""  and  extend  these  observations 
to  a  very  large  population  sample.  Of  note  is  that 
only  10  of  925  successful  intubations  did  not  have 
CO2  present.  Of  these  10.  7  were  related  to  low  per- 
fusion states  and  thus  caution  should  be  used  in  in- 
terpreting low  or  absent  CO,  values  under  such  cir- 
cumstances.' On  the  other  hand,  no  cases  of  false- 
positive  CO2  measurements  were  recorded  in  any 
of  the  8  unsuccessful  intubations.  Concern  has  been 
raised  that  ingestion  of  large  amounts  of  CO,- 
containing  substance  (eg,  carbonated  beverages) 
could  produce  enough  CO,  in  gastrointestinal  gas 
to  give  a  false-positive  result  for  ETT  placement.^ 
We  did  not  observe  this  and  believe  that  our  policy 
of  requiring  a  consistently  strong  CO,  signal  over 
an  8-10  breath  interval  minimizes  this  possibility. 

Conclusion 

Our  results  confirm  the  earlier  work  of  Owen 
and  Cheney  reported  in  this  journal.  Although  no 
one  sign  is  completely  conclusive  for  verification 
of  endotracheal  tube  placement,  CO,  detection  is 
quick  and  easy  and  the  presence  of  CO,  confirms 
proper  intubation. 
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The  Effect  of  Partial  Upper-Airway  Bypass  on 
Subglottic  Pressure  during  Acute  Lung  Injury  in  Sheep 

Marin  H  Kollef  MD,  Michael  T  McCormack  MD,  and  Ron  E  Banks  DVTVl 


BACKGROUND:  Upper-airway  function  is  thought  to  influence  gas  exchange  and 
lung  volume  through  an  expiratory  braking  mechanism  producing  increased  sub- 
glottic pressures.  We  designed  an  experiment  to  examine  the  effect  of  partial 
upper-airway  bypass  on  the  development  of  subglottic  pressure  during  acute  lung 
injury  (ALI).  MATERIALS  &  METHODS:  Six  healthy  adult  domestic  sheep  un- 
derwent surgical  placement  of  a  tracheal  Kistner  button  in  the  upper  trachea  and 
carotid  transposition  for  arterial  blood  access.  On  the  following  day,  baseline  air- 
way-pressure tracings  were  obtained  at  the  Kistner  button,  and  respiratory  air- 
flow tracings  were  obtained  at  the  mouth.  All  measurements  and  recordings  were 
initially  made  with  the  Kistner  buttons  closed  to  atmosphere,  allowing  respiration 
only  across  the  upper  airway,  and  then  were  repeated  with  the  Kistner  buttons 
open,  allowing  partial  respiratory  bypass  of  the  upper  airway.  Twenty-four  hours 
following  the  baseline  recordings,  an  intravenous  infusion  of  oleic  acid  (0.08  mL/ 
kg)  was  administered  to  produce  ALI.  On  the  following  day,  the  recordings  were 
repeated  and  arterial  blood  gas  samples  were  obtained.  RESULTS:  Subglottic 
pressures  at  baseline  with  the  Kistner  buttons  closed  (3.5  cm  H2O  [0.34  kPa))  were 
signiFicantly  larger  than  when  the  Kistner  buttons  were  open,  (1.4  cm  HiO  [0.14 
kPa],  p  <  O.OOOI).  The  respiratory  rates,  inspiratory  times  (ti),  expiratory  times 
(te),  and  the  ti-to-te  ratio  (I:E)  were  unchanged  with  the  Kistner  buttons  open  to 
atmosphere.  With  ALI,  subglottic  pressure  was  significantly  increased  (p  > 
O.OOOI),  compared  to  baseline  (12.3  cm  H.O  [1.21  kPa]  vs  cm  HjO  [0.34  kPa],  re- 
spectively). Other  variables  demonstrated  a  decrease  in  the  ti  (p  <  0.001)  and  a  de- 
crease in  the  I:E  (p  <  O.OOOI)  compared  to  baseline  measurements.  No  significant 
difference  existed  in  te  or  the  respiratory  rates.  Opening  of  the  Kistner  buttons 
during  acute  lung  injury  produced  a  significant  decrease  in  subglottic  pressures  (p 
<  0.0001)  and  te  (p  =  0.0031),  whereas  the  ti  and  I:E  significantly  increased  with 
this  maneuver  (p  =  0.0002  and  p  <  0.0001,  respectively).  The  partial  pressures  of 
oxygen  were  found  to  be  significantly  greater  (p  =  0.0401)  with  the  Kistner  buttons 
closed  to  atmosphere  (64.3  torr  [8.58  kPa))  than  when  they  were  open  (53.5  torr 
[7.13  kPa]),  during  ALI.  CONCLUSIONS:  Our  results  suggest  that  (1)  partial  by- 
pass of  the  upper  airway  may  be  associated  with  a  decrease  in  the  development  of 
subglottic  pressures,  and  (2)  respiratory  timing  and  pulmonary  gas  exchange  are 
influenced  by  the  upper  airway  during  ALI.  (RespirCare  1992:37:1 166-1 174.) 
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Introduction 

The  upper  airway  is  thought  to  serve  as  an  ex- 
piratory retard  that,  when  bypassed,  may  impair 
gas  exchange  and  decrease  lung  volumes.'  Several 
clinical  studies  in  adults  and  infants  have  attempted 
to  investigate  the  influence  of  upper-airway  bypass 
on  gas  exchange  and  lung  volumes.-'**  A  criticism 
of  several  of  these  studies  has  been  the  presence  of 
endotracheal  intubation,  which  can  lead  to  re- 
flexive increases  in  pulmonary  airways  resistance, 
producing  secondary  changes  in  lung  volumes  and 
gas  exchange."^"  We  developed  an  animal  model 
without  tracheal  intubation  to  investigate  the  im- 
pact of  partial  upper-airway  bypass  on  the  develop- 
ment of  subglottic  pressure  during  acute  lung  in- 
jury (ALI).  Subglottic  airway  pressure  was  ex- 
amined because  it  normally  approximates  alveolar 
pressure  and  may  reflect  changes  occurring  in  lung 
volumes  and  gas  exchange.'-  An  ALI  model  was 
utilized  to  test  our  hypothesis  that  with  ALI,  the 
upper  airway  plays  an  important  role  in  the  de- 
velopment of  positive  airway  pressures  for  the 
maintenance  of  lung  volumes  and  gas  exchange. 

Materials  and  Methods 

Preparation  of  the  Animal 

Six  adult  domestic  sheep  were  used  for  the  ex- 
perimental study.  Adult  sheep  were  selected  for 
their  size,  allowing  easy  attachment  of  a  Kistner 
button  onto  the  tracheas  of  the  animals.  Addi- 
tionally, the  gross  anatomy  of  the  adult  sheep's  res- 
piratory system  is  generally  similar  to  that  of  man, 
allowing  comparisons  to  be  made  between  the  an- 
imal model  and  man.  The  research  was  conducted 
in  compliance  with  the  Animal  Welfare  Act  and 
other  federal  statutes  and  regulations  relating  to  an- 
imals and  experiments  involving  animals.  We  ad- 
hered to  the  principles  stated  in  the  Guide  for  the 
Care  and  Use  of  Laboratory  Animals  (NIH  Publica- 
tion 86-23,  1985).  The  experimental  protocol  was 
approved  by  the  institution's  Laboratory  Animal 
Use  Committee  prior  to  the  beginning  of  the  study. 

All  sheep  underwent  routine  laboratory  screen- 
ing and  quarantine  procedures  of  30  days'  duration 
to  eliminate  parasitism  and  establish  homeostasis. 
No  food  was  provided  for  24  hours,  and  water  was 


withheld  for  1 2  hours  prior  to  the  start  of  the  ex- 
periment. The  sheep  were  anesthetized  with  ti- 
letamine  hydrochloride  10-15  mg/kg  and  zolaze- 
pam  hydrochloride  10-15  mg/kg  given  intra- 
venously.* The  animals  were  then  intubated  with  a 
7-  to  9-mm  diameter  endotracheal  tube.  They  were 
positioned  supine,  using  support  bags  on  the  oper- 
ating table,  and  anesthesia  was  maintained  with  the 
inhalational  agent  isoflurane.  The  fractional  in- 
spired oxygen  concentration  (Fio:)  was  adjusted  to 
maintain  arterial  oxygen  saturations  greater  than 
92%,  measured  by  a  pulse  oximeter  attached  to  the 
animal's  tongue.  The  animals  were  also  monitored 
by  electrocardiogram,  blood  pressure,  expiratory 
end-tidal  carbon  dioxide,  rectal  temperature,  and  by 
esophageal  stethoscope  to  provide  constant  au- 
ditory evaluation  of  the  animal's  heartbeat. 

For  the  carotid  transposition,  a  surgical  incision 
was  performed  along  the  lateral  aspect  of  the  left 
external  jugular  vein  overlying  the  carotid  artery. 
Sharp  and  blunt  dissection  were  used  to  isolate  the 
carotid  artery  from  its  adjacent  structures.  The  ca- 
rotid artery  was  then  brought  up  to  a  subcutaneous 
position  after  the  formation  of  a  floor  beneath  it 
with  the  surrounding  muscle.  The  carotid  artery 
transposition  was  performed  to  allow  easier  access 
to  the  carotid  artery  for  blood  gas  sampling.  The 
skin  was  then  closed  over  the  artery.  A  new  sur- 
gical incision  was  then  made  on  the  ventral  surface 
of  the  animal's  neck  approximating  the  third  and 
fourth  tracheal  rings.  Sharp  dissection  between  the 
fascial  planes  of  the  stemocephalicus  and  ster- 
nothyroideus  muscles  allowed  exposure  of  the  tra- 
chea. A  1%  solution  of  lidocaine  was  infiltrated  in 
and  around  the  cartilaginous  and  serosal  surfaces  of 
the  trachea  from  rings  2  to  5.  An  incision  was  made 
through  a  tracheal  ring  (ring  3  or  4),  with  excision 
of  the  tracheal  cartilage  forming  a  stoma  with  an 
internal  diameter  of  6-8  mm,  and  a  Kistner  button 
was  placed  overlying  the  stoma.  The  Kistner  but- 
tons were  13.5  mm  in  outer  diameter,  9.4  mm  in  in- 
ner diameter,  and  60  mm  in  length. 

The  flange  of  the  Kistner  button  was  sewn  onto 
the  external  serosal  surface  of  the  trachea,  using  six 
to  eight  2-0  silk  sutures,  which  were  passed  into  the 


♦Commercial  suppliers  are  identified  in  the  Product  Sources 
section  at  the  end  of  the  text. 


RESPIRATORY  CARE  •  OCTOBER  '92  Vol  37  No  10 


1167 


PRESSURE  EFFECT  OF  UPPER-AIRWAY  BYPASS 


cartilage  of  the  trachea  for  added  stability  and  then 
overlaid  with  adventitia  for  an  occlusive  seal.  The 
attachment  of  the  Kistner  button  was  such  that  ac- 
cidental protrusion  into  the  trachea  was  avoided  by 
the  greater  size  of  the  Kistner  button  flange  than 
the  size  of  the  stoma  and  by  the  method  of  sewing 
the  flange  directly  onto  the  external  serosal  surface 
of  the  trachea.  Fascial  planes,  muscles,  and  skin 
were  closed  around  the  Kistner  button,  using  ap- 
propriate suture.  The  Kistner  buttons  were  left 
capped,  and  the  animals  were  allowed  to  awaken 
from  the  effects  of  the  anesthesia  and  were  then 
subsequently  extubated. 

All  animals  were  observed  for  24  hours  fol- 
lowing placement  of  the  Kistner  buttons  and  were 
offered  ad  libitum  feed  and  water.  Experimental 
measurements  were  carried  out  after  this  observa- 
tion period.  At  the  conclusion  of  the  data  collec- 
tion, the  animals  were  humanely  euthanized  with 
an  intravenous  injection  of  barbiturate. 

Measurements 

The  experimental  design  required  placement  of  a 
molded  plastic  animal  anesthesia  mask  with  a  soft 
plastic  diaphragm  over  the  sheep's  mouth  and  nose. 
Care  was  taken  to  ensure  that  an  adequate  seal  was 
present  between  the  mask  and  the  animal's  snout. 
The  mask  was  attached  to  a  pneumotachograph 
(Fleisch  Model  0,  dead  space  4.7  niL)  for  the  re- 
cording of  airflow  (Fig.  1 ).  The  pneumotachograph 
was  connected  by  tubing  to  a  pressure  transducer, 
from  which  the  signal  was  routed  to  a  dual-bridge 
amplifier.  The  signals  derived  from  the  amplifier 
were  linked  to  a  physiologic  waveform  recorder. 

Airway-pressure  tracings  were  recorded  from  a 
Y-connector  attached  to  the  open  end  of  the  Kistner 
button,  with  care  taken  that  a  tight  seal  was  present 
at  the  connection  (Fig.  I ).  One  opening  of  the  Y- 
connector  was  capped  and  the  other  end  uas  at- 
tached by  plastic  tubing  to  a  pressure  transducer, 
which  was  linked  to  the  dual-bridge  amplifier.  The 
pressure-recording  system  was  zeroed  to  atmos- 
pheric pressure  by  opening  the  capped  end  of  the 
Y-connector  during  zeroing.  The  pressure- 
recording  system  was  caiihralcd  using  a  water- 
filled  manometer.  Zeroing  and  calibration  of  the 
.system  were  performed  prior  to  each  animal  meas- 


urement. The  airflow  pattern  and  airway-pressure 
tracings  were  recorded  simultaneously  on  the  phys- 
iologic waveform  recorder. 


FACE  MASK 


TRACHEJV 


J<  '  PNEUMOTACHOGRAPH 

Vr  <  Y-CONNECTOR 


KISTNER        N\ 
BUTTON  Y\ 

PRESSURE 
TRANSDUCER 

Fig.  1.  The  sheep  model,  showing  the  airway  connec- 
tions with  the  pneumotachograph  and  the  pressure  trans- 
ducer. 

All  baseline  recordings  and  measurements  were 
made  24  hours  following  surgery,  with  the  animals 
standing  in  a  quiet  research  room.  A  period  of  5  to 
10  minutes  was  allowed  for  adaptation  of  the  an- 
imals to  the  face  mask.  The  initial  recordings  and 
measurements  were  made  with  the  free  end  of  the 
Y-connector  capped,  which  allowed  respiration 
only  across  the  glottis  and  upper  airway,  and  subse- 
quently with  the  free  end  of  the  Y-connector 
opened,  after  a  5-  to  lO-minute  period  of  adaptation 
to  the  open  Y-connector. 

Review  of  the  tracings  allowed  measurement  of 
respiratory  rate,  expiratory  pressure  measured  as 
the  peak  positive-pressure  deflection  obtained  dur- 
ing the  expiratory  phase  of  respiration,  inspiratory 
pressure  measured  as  the  peak  negali\e-pressure 
deflection  obtained  during  the  inspiratitry  phase  of 
respiration,  expiratory  time,  inspiratory  time,  and 
the  inspiratory-time-to-expirator\-time  ratio  (I:E). 
An  average  value  for  the  \ariables  was  obtained 
from  four  consecutive  respiratory  cycles.  The  res- 
piratory rate  was  obtained  from  the  flow  signal  by 
measuring  the  total  breath  duration  and  di\iding  it 
into  60  seconds  to  obtain  a  value  with  a  unit  of 
measure  of  breaths/niin.  For  purposes  of  this  study, 
expiratory  pressure  was  considered  to  be  equi\  aleni 
to  subglottic  pressure. 

Twenty-four  hours  following  the  baseline  meas- 
urements,  oleic   acid   (0.08   mL/kg)   was   admini- 
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stored  via  the  external  jugular  vein,  and  the  animals 
were  observed  for  24  hours.  The  previous  re- 
cordings and  measurements  were  then  repeated, 
first  with  the  Kistner  buttons  closed  to  atmosphere 
and  then  with  them  open.  Arterial  blood  gas  sam- 
ples were  also  obtained  during  the  same  conditions 
with  the  Kistner  buttons  open  to  atmosphere  tor  20 
minutes  prior  to  sampling.  The  arterial  blood  sam- 
ples were  placed  in  ice  and  analyzed  within  5  min- 
utes by  a  trained  laboratory  technician  using  a 
blood  gas  analyzer.  Arterial  blood  gases  were  not 
measured  at  baseline  in  order  to  minimize  trauma 
to  the  carotid  artery  transposition.  At  the  comple- 
tion of  the  experimental  protocol,  a  veterinarian 
(RB)  performed  necropsy  on  all  animals  following 
euthanasia,  with  attention  to  the  pulmonary  system. 

Statistics 

Multiple  analysis  of  variance  with  two  repeated 
measures  (before  and  after  oleic  acid,  and  with  and 
without  the  Kistner  buttons  open)  was  employed. 


using  a  commercial  statistical  package.'^  A  Bon- 
ferroni  correction  was  applied  to  account  for  the  ef- 
fect of  multiple  comparisons.  All  results  are  ex- 
pressed as  the  mean  (standard  deviation),  and  p  < 
0.05  was  considered  significant. 

Results 

For  the  animals  at  baseline  (Table  1)  with  the 
Kistner  buttons  closed,  the  mean  value  for  sub- 
glottic pressures  was  3.5  cm  HiO  [0.34  kPaJ,  which 
was  significantly  larger  than  the  value  of  1.4  cm 
HjO  [0.14  kPa]  obtained  with  the  Kistner  buttons 
open  to  atmosphere.  No  significant  differences  ex- 
isted in  respiratory  rates,  inspiratory  limes,  ex- 
piratory times,  or  I:E;  however,  inspiratory  pres- 
sures significantly  decreased  when  the  Kistner 
buttons  were  opened  to  atmosphere.  The  results  ob- 
tained with  acute  lung  injury  are  shown  in  the  low- 
er part  of  Table  1 .  Expiratory  pressures,  inspiratory 
pressures,  and  expiratory  times  all  significantly  de- 


Table  1 .    Airway  Pressures  and  Respiratory-Phase  Times  in  Six  Healthy  Sheep,  at  Baseline  and  during  Acute  Lung  Injury 


Respiratory  Rate,        Pe,*  cm  HiO  Pi,  cm  H2O 

Kistner  Button  breaths/min  [kPa]  [kPa] 


t^,  ms 


t,.  ms 


I:E 


At  Ba.seline 


Closed  to  atmosphere  58  (32)t 

Open  to  atmosphere  57(31) 

p  value  0.9057 

During  Acute  Lung  Injury 

Closed  to  atmosphere  72  (25)t 


3.5(1.4) 
[0.34(0.14)] 

1.4(0.5) 
[0.14(0.05)1 

<  0.00011: 


12.3(5.6) 
[1.21(0.55)1 


^.6(1.2)  710(466)  710(381)  1.09(0.45) 

[-0.45(0.12)] 

-1.3(0.6)  546(241)  721(289)  1.47(0.80) 

[-0.13(0.06)1 


<  0.00011 


-7.3(5.7) 
[0.72  (0.56)] 


0. 1 365 


623 (279) 


0.9055 


305 (55) 


0.0513 


0.59  (0.26) 


Open  to  atmosphere 


81 (21) 


2.8(3.7) 
[0.27  (0.36)J 


-3.1  (2.9) 
[0.30  (0.28)] 


398(214) 


406(103) 


18(0.42) 


p  value 


0.1698 


<0.0001t 


0.0028§ 


0.003 1§ 


0.00021: 


<  0.0001 1 


*Pe  =  expiratory  pressure;  P|  =  inspiratory  pressure;  t^.  =  expiratory  time;  t,  =  inspiratory  time;  I:E  =  ratio  ot  inspiratory  time  to  expiratory  time. 

t  Values  are  mean  (SD). 

1:p  =  0.001  for  Bonferroni  correction. 

§  p  =  0.05  for  Bonferroni  correction. 
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creased,  and  inspiratory  times  and  I:E  both  sig- 
nificantly increased  with  the  Kistner  buttons  open 
to  atmosphere. 

Figure  2  demonstrates  the  airway  pressure  trac- 
ings and  airflow  patterns  for  one  of  the  experi- 
mental animals  obtained  during  ALI  during  breath- 
ing with  the  Kistner  button  closed  to  atmosphere 
(left  side  of  tracings)  and  then  breathing  with  the 
Kistner  button  open  to  atmosphere  (right  side  of 
tracings).  This  representative  tracing  illustrates  the 
decrease  in  expiratory  or  subglottic  pressure  (lower 
panel)  and  the  decrease  in  airflow  measured  at  the 
mouth  (upper  panel)  that  occurred  when  the  Kist- 
ner buttons  were  opened  during  ALI. 

Comparison  of  the  ba.seline  results  to  the  data 
obtained  after  ALI  with  the  Kistner  buttons  closed 
to  atmosphere  (the  upper  lines  of  data  from  Table 
1)  showed  no  significant  difference  in  respiratory 
rate  with  ALI  (p  -  0.1033).  Expiratory  and  in- 
spiratory pressures  were  both  significantly  larger 
with  ALI  compared  to  baseline  (p  <  0.0001  and 
0.0310,  respectively),  whereas  the  expiratory  times 
were  found  to  be  not  significantly  different  be- 
tween the  groups  (p  =  0.4393).  Both  the  inspiratory 
times  and  the  I:E  were  significantly  decreased  with 
ALI  compared  to  baseline  (p  <  0.0001  for  both). 
Both  at  ba.seline  and  after  ALI.  the  sheep  de- 
veloped a  reverse  I:E  when  the  Kistner  buttons 
were   opened   to   atmosphere.   The   magnitude   of 


Table  2.    Arterial  Blood  Gas  Values  during  Acute  Lung  Injury 
(n  =  4) 

PaO:.*  torr  PjCO:.  ton 

Kistner  Button        pH                    |kPa]  |kPa] 

Closed  to          7.53(0.02)t     64.3(4.3)  32.5(6.6) 

atmosphere                               |8.58  (0.57)]  |4.33(0.880)] 

Open  to            7.51(0.03)       53.5(8.4)  36.3(6.6) 

atmosphere                             [7.13(1.12)1  [4.84(0.88)] 


p  Value  0.3229 


0.0401 


0.3471 


*  PaO:  =  partial  pressure  of  arterial  oxygen.  PaCOj  =  partial  pressure  of 

arterial  carbon  dioxide. 
t  Values  are  mean  (SD). 

change  in  the  I:E  was  greatest  during  ALI  (Table 
1 ),  when  it  went  from  a  mean  of  0.59  to  a  mean  of 
1.18. 

Arterial  blood  gas  data  were  obtained  in  four  an- 
imals. Two  animals  were  not  analyzed  due  to  dif- 
ficulty with  obtaining  the  samples  from  the  carotid 
artery  transposition  in  one  and  the  clotting  of  a 
sample  in  the  other.  The  average  PaO:  with  the 
Kistner  buttons  closed  was  64.3  (4.3)  torr  [8.58 
(0.57)  kPa],  which  was  significantly  larger  than  the 
value  of  53.5  (8.4)  torr  [7.13  (1.12)  kPa]  obtained 
with  the  Kistner  buttons  open  to  atmosphere  (p  = 
0.0401).  No  significant  difference  existed  in  the 
values  for  pH  or  PaCO:  (Table  2). 


Fig.  2.  Airway  pressure  tracings  (bottom)  and  airflow  tracings  (top)  for  one  of  the  experimental  animals  during  acute  lung  in- 
jury, with  the  Kistner  button  closed  to  atmosphere  (left  side)  and  then  opened  to  atmosphere  (right  side).  The  scale  for  air- 
way pressure  is  cm  HjO.  x  is  the  start  of  expiration,  and  y  is  the  end  of  expiration.  The  symbol  +  indicates  the  direction  of 
expiratory  airflow,  and  the  symbol  -  indicates  the  direction  of  inspiratory  airflow. 
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Review  of  the  necropsy  tissue  demonstrated  ev- 
idence of  acute  lung  injury  in  ail  animals.  Gross  ex- 
amination showed  the  lungs  to  be  congested,  with 
weeping  of  edema  tluid  from  cut  surfaces.  Micro- 
scopic examination  revealed  evidence  of  diffuse  al- 
veolar damage,  with  interstitial  and  alveolar  edema 
and  pulmonary  hemorrhage. 

Discussion 

Smith  et  al  recently  investigated  the  effect  of 
upper-airway  bypass  during  ALI  in  a  small-animal 
model. '^  These  authors  received  criticism  in  an  ac- 
companying editorial '""  due  to  the  confounding  ef- 
fects of  tracheal  intubation,  which  served  as  the  by- 
pass conduit  for  the  upper  airway.  The  deter- 
ioration in  gas  exchange  demonstrated  with  tra- 
cheal intubation  in  Smith  et  al's  animal  study  could 
have  been  caused  by  ventilation-perfusion  mis- 
match produced  by  reflexive  distal-airways  bron- 
choconstriction.'^  Our  animal  model  eliminated  the 
influence  of  tracheal  intubation  on  airways  tone, 
which  is  thought  to  be  mediated  via  the  vagus 


nerve. 
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The  glottis  appears  to  play  an  important  role  in 
maintaining  airway  pressures  and  functional  re- 
sidual capacity  (FRC)."-"  This  function  is  over- 
come by  the  placement  of  an  endotracheal  tube,  as 
is  most  easily  demonstrated  in  infants  with  the  re- 
moval of  the  grunting  mechanisms  that  have  been 
shown  to  be  important  in  maintaining  thoracic  gas 
volumes.*"  -  The  role  of  the  upper  airway  in  de- 
veloping subglottic  pressure  and  regulating  ex- 
piratory airflow  is  also  important  for  the  process  of 
phonation.-°  In  addition  to  vocal-cord  movements, 
the  movements  of  the  respiratory  bellows  provide 
the  subglottic  pressure  and  glottic  airflow  required 
for  sound  generation.'-  As  previously  stated,  sub- 
glottic pressure  normally  approximates  alveolar 
pressure,  due  to  the  small  pressure  drops  that  occur 
from  the  alveoli  to  the  subglottic  region.'-  There- 
fore, subglottic  pressure  can  be  approximated  as 
the  sum  of  pleural  pressure  and  the  static  elastic  re- 
coil pressure  of  the  lung.'-  Direct  and  indirect  mea- 
surements of  subglottic  pressure  have  been  perfonn- 
ed,  using  tracheal  needle  puncture,  catheters  passed 
via  the  glottis,  and  esophageal  balloons.'--'"^'* 


The  increases  in  subglottic  pressure  that  oc- 
curred in  our  sheep  with  ALI  are  not  surprising, 
due  to  the  decreased  lung  compliance  producing  in- 
creased static  elastic  recoil  of  these  injured  lungs. 
Additionally,  with  ALI,  increased  respiratory  ef- 
forts would  be  expected,  which  could  increase  the 
pleural  pressure.  Analysis  of  our  airway-pressure 
tracings  (Fig.  2)  showed  that  the  elevated  subglottic 
pressures  achieved  during  ALI  dramatically  de- 
creased with  opening  of  the  Kistner  buttons.  This 
supports  a  direct  role  of  the  upper  airway  in  main- 
taining subglottic  pressure  levels  during  ALI. 

The  peak  values  for  subglottic  pressure  occurred 
in  the  earlier  phases  of  expiration.  This  tlnding  is 
consistent  with  the  reported  normal  functioning  of 
the  glottis,  which  usually  has  a  smaller  orifice  dur- 
ing early  expiration  than  during  late  or  end-ex- 
piration.-'' -**  The  data  from  Table  1  show  that  ex- 
piratory times  significantly  decreased  and  the  I:E 
significantly  increased  only  with  ALI,  indicating 
that  the  upper  airway  plays  a  role  as  an  expiratory 
brake  primarily  during  ALI.  At  baseline,  the  mean 
decrease  in  expiratory  pressure  (Pe)  with  the  open- 
ing of  the  Kistner  button  was  only  2. 1  cm  H^O 
[0.21  kPa],  whereas  the  mean  decrease  with  ALI 
was  9.5  cm  H.O  [0.93  kPa].  The  relative  differ- 
ences in  subglottic  pressures  occurring  with  the 
opening  of  the  Kistner  buttons  also  suggest  that  the 
expiratory  braking  effects  of  the  upper  airway  are 
most  important  during  ALI.  Because  the  Pa02  was 
not  measured  at  baseline,  the  clinical  significance 
of  the  small  difference  in  Pg  found  at  baseline  with 
opening  of  the  Kistner  buttons  is  unknown. 

Several  important  limitations  of  our  investi- 
gation need  to  be  addressed.  We  did  not  measure 
pleural  pressure,  elastic  recoil  pressure,  or  lung  vol- 
umes. It  is  probable  that  changes  in  these  factors 
contributed  to  the  generation  of  higher  subglottic 
pressures  during  ALI.  The  use  of  a  Y-connector  at 
the  Kistner  button  site  also  placed  a  limitation  on 
our  results  in  that  this  technique  allows  measure- 
ment of  lateral  pressures,  and  not  true  subglottic 
pressure,  at  the  point  where  flow  is  vented.  This 
would  be  expected  to  give  lower  values  for  sub- 
glottic pressure  than  actually  exist.  However,  the 
decrease  in  subglottic  pressure  with  ALI  paralleled 
the  changes  seen  in  expiratory  times  and  arterial 
oxygen  tension,  supporting  a  true  decrease  in  its 
value.    Lung-volume    measurements    would   have 
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been  important  in  completely  assessing  these  re- 
sults because  decreases  in  lung  volume  due  to  de- 
creases in  subglottic  pressure  with  the  Kistner  but- 
tons open  may  have  accounted  for  the  lower  PaO: 
values  obtained. 

Other  important  limitations  of  our  investigation 
were  that  we  did  not  directly  assess  the  relationship 
between  the  respiratory  muscles  and  the  upper  air- 
way during  expiratory  braking,  nor  did  we  examine 
the  effects  of  time  on  oxygenation.  Remmers  and 
Bartlett.  using  a  small-animal  model,  demonstrated 
that  opening  of  a  bypass  tract  to  the  upper  airway 
was  associated  with  a  slowing  of  the  return  of 
transdiaphragmatic  pressures  from  their  most  neg- 
ative values  to  zero,  along  with  an  augmentation 
and  prolongation  of  the  diaphragmatic  EMG  re- 
cordings.-'' These  results  and  the  work  of  others-^°"^^ 
indicate  that  respiratory  muscles  may  elicit  a  com- 
pensatory response  during  bypass  of  the  upper  air- 
way to  offset  the  loss  of  expiratory  braking.  Our 
data  suggest  that  compensatory  tracking  mech- 
anisms such  as  these  may  be  inadequate  during 
ALI,  as  evidenced  by  the  decrease  in  expiratory 
times  and  arterial  oxygen  tensions  obtained  with 
opening  of  the  Kistner  buttons  to  atmosphere.  The 
decrease  in  PaO:  seen  during  ALI  with  the  Kistner 
buttons  open  may  also  have  represented  an  effect 
of  worsening  lung  function  in  our  animals,  and  not 
an  effect  of  upper-airway  bypass.  Although  the  ac- 
tual time  interval  between  arterial  blood  gas  sam- 
ples was  less  than  1  hour,  this  may  have  been 
enough  time  for  progression  of  the  ALI  to  account 
for  these  changes  in  oxygenation. 

The  reverse  I:E  that  occurred  during  ALT  with 
opening  of  the  Kistner  button  was  an  unexpected 
finding  in  this  study.  It  appeared  to  be  associated 
with  changes  in  oxygenation,  as  reflected  by  the 
decreased  PaO;  values  obtained  after  the  opening  of 
the  Kistner  buttons  to  atmosphere.  This  finding 
may  have  important  implications  for  critically  ill 
patients  with  acute  lung  injury  whii  undergo  bypass 
of  the  upper  airway,  as  seen  during  weaning  from 
mechanical  ventilation.  The  reverse  I:E  produced 
by  upper-airway  bypass  produces  less  of  the  pos- 
itive pressure  in  the  airways  that  normally  assists  in 
the  maintenance  of  lung  volumes,  recruitment  ol' al- 
veoli, and  maintenance  of  gas  exchange.^'  The  pro- 
longed expiratory  time  produced  by  the  upper  air- 
way can  be  compared  to  inverse-ratio  \entilation 


(IRV).  which  extends  the  time  during  which  pos- 
itive pressure  is  applied  (during  inspiration)  and.  in 
theory,  maintains  or  improves  gas  exchange  due  to 
more  homogenous  lung  recruitment."  In  addition, 
our  findings  lend  physiologic  support  to  the  clinical 
studies  demonstrating  impro\ed  oxygenation  in 
adults  with  IRV  compared  to  conventional  ventila- 
tion.''"'''' The  glottis  appears  to  produce  effects  sim- 
ilar to  those  in  IRV  except  that  positive  airway 
pressures  are  produced  during  expiration  and  not 
during  inspiration. 

Conclusions 

In  adults,  the  role  of  the  glottis  appears  to  be  an 
active  one,  allowing  for  braking  or  buttressing  of 
the  expiratory  airflow  generated  by  respiratory 
muscle  activity  and  the  static  elastic  recoil  pressure 
of  the  lung.-^'^^  Our  results  suggest  that  ( 1 )  partial 
bypass  of  the  upper  airway  may  be  associated  with 
a  decrease  in  the  development  of  subglottic  pres- 
sures, and  (2)  respiratory  timing  and  pulmonary  gas 
exchange  are  influenced  by  the  upper  airway  dur- 
ing ALI.  The  full  significance  of  upper-airway 
function  during  ALI  has  not  been  adequately  in- 
vestigated. Future  studies  should  examine  the 
changes  that  occur  in  diaphragmatic  function,  intra- 
pleural-pressure  generation,  elastic  recoil  pressure, 
and  the  development  of  upper-airw  a\  edema,  to  as- 
sess their  roles  in  lung  function  during  .ALL 


PRODUCT  SOURCES 

Medications: 

Telazol.  tiletamine  hydrochloride,  and  zolazepam 
hydrochloride.  .XH  Robins  Co,  Richmond  \'A 

Xylocaine.  Mdocaine  hydrochloride,  .-Xslra  Pharmaceutical 
Product.s  Inc.  Westborough  MA 

Pulse  Oximeter: 

Ohmeda  Model  .^710.  Ohmeda.  Madison  WI 

Tracheal  Button: 

Kistner  Button.  Pilling  Corp.  Fort  Washington  PA 

Pneumotachograph: 

Fleisch  Model  0,  dead  space  4.7  mL.  Metabo  Co, 
Switzerland 

Pressure  Transducers: 

Slathani.  Halo  Re_\.  Puerto  Rico 

Dual-Bridjje  .Amplifier: 

logg  Model  262.  Fogg  System  Co  Inc.  Denver  CO 
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Waveform  Recorder: 

Model  DASH  \1.  Aslro-Mcd  Inc.  West  Warwick  RI 

Blood  Gas  Analyzer: 

BGE  Model  1400.  Instrumentation  Laboratory. 
Lexington  NLA 

Statistical  Software  Package: 

B.MDP  Statistical  Software  Manual.  University  of  California 
Press.  Berkeley  CA 
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Introduction 

It  is  hard  to  imagine  a  toxic  air  pollutant  jux- 
taposed with  important  medical  gases  like  oxygen 
and  nitrous  oxide.  Yet,  the  possible  use  of  inhaled 
nitric  oxide  (NO)  as  a  therapeutic  gas  may  well  be 
one  of  the  more  important  findings  in  pulmonary 
medicine.  If  this  proves  to  be  the  case,  a  revolution 
in  medical  gas  therapy  may  result.  Respiratory  care 
practitioners  (RCP),  already  knowledgeable  of  and 
adept  at  gas  delivery,  would  be  expected  to  play  an 
important  role  should  this  new  therapy  come  to 
fruition. 

Even  if  NO  gas  therapy  does  not  prove  to  be  a 
panacea  for  pulmonary  vascular  hypertensive  dis- 
ease, it  is  still  likely  that  NO  gas  will  be  used  clin- 
ically in  selected  disease  states  such  as  adult  res- 
piratory distress  syndrome  and  persistent  pulmon- 
ary hypertension  of  the  newborn.'  In  order  to  un- 
derstand the  importance  of  inhaled  NO  gas  as  a  se- 
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lective  pulmonary  vasodilator,  a  review  of  impor- 
tant postulates  set  forth  by  previous  research  is  nec- 
essary. This  paper  examines  the  accepted  model  of 
vascular  smooth-muscle  contraction,  explains  the 
role  of  guanosine  3',  5'  monophosphate  (cyclic 
GMP,  or  cGMP)  and  endothelium-derived  relaxing 
factor  (EDRF)  in  vascular  smooth-muscle  re- 
laxation, and  presents  challenges  that  must  be  faced 
prior  to  therapeutic  use  of  NO  gas.  A  better  under- 
standing of  these  issues  should  clarify  why  the  use 
of  NO  as  an  inhaled  medical  gas  is  currently  a  topic 
of  interest  in  pulmonary  medicine. 

Vascular  Smooth-Muscle  Contraction 
and  Relaxation 

The  mechanisms  involved  in  regulation  and  con- 
traction of  smooth  muscle  are  poorly  understood 
and  controversial  at  best.  In  general,  vascular 
smooth-muscle  tone  can  be  altered  by  a  complex 
interplay  among  nervous,  hormonal,  chemical, 
electrical,  and  physical  factors.  Conclusions  from 
extensive  literature  reviews  from  the  late  1970s 
still  form  the  basis  of  today's  model  of  smooth- 
muscle  contraction.^-^  This  model  suggests  that  vas- 
cular smooth-muscle  contraction  is  ultimately  de- 
pendent upon  the  presence  of  intracellular  (cyto- 
plasmic) calcium  ion  concentration  (Ca'^*)  and  the 
protein  calmodulin."*'^  Specifically,  all  factors  af- 
fecting contractility  and  relaxation  act  either  direct- 
ly or  indirectly  to  increase  or  decrease  cytoplasmic 
Ca*^^ 
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In  review,  lei  us  compare  uIku  is  known  about 
smooth  muscle  with  its  counter[iart  skeletal,  or  stri- 
ated, muscle.  .Striations  in  skeletal  muscle  are  vis- 
ible under  a  normal  light  microscope,  and  their  vis- 
ibility is  due  to  alternating  bands  of  light  and  dark 
areas  perpendicular  to  the  longitudinal  myofibrils 
(Z  and  M  lines:  H.  I.  and  A  bands).  Myofibrils  are 
the  threadlike  contractile  units  of  muscle  fiber.  It  is 
well-established  that  myofibrils  in  striated  muscles 
are  made  up  of  thick  filaments  composed  of  the 
protein  myosin  and  thin  filaments,  which  are  a 
composite  of  three  proteins:  actin.  tropomyosin, 
and  troponin.  The  overlapping  of  the  thick  and  thin 
filaments  is  responsible  for  the  striated  appearance 
(Fig.  Ij. 

Myofibril 

-  Sarcomere 


Sarcoplasmic  reticulum 


Fig.  1.  Diagrammatic  representation  of  myofibrils  of  skel- 
etal muscle  fiber.  Tfie  A  band  corresponds  to  thick  myo- 
sin filaments  overlapped  in  the  darker  regions  with  thin 
actin  filaments;  the  lighter  H  band  contains  only  thick 
myosin  filaments.  I  bands  represent  nonoverlapping  ar- 
eas of  thin  actin  filaments  attached  to  Z  lines.  The  area 
between  two  adjacent  Z  lines  is  called  a  sarcomere.  The 
sarcoplasmic  reticulum  is  a  tubular  network  that  runs  par- 
allel to  the  myofibrils  and  encases  them. 

In  smooth  muscle,  no  cross-siriations  are  visible. 
A  possible  reason  tor  this  difference  is  that  smooth- 
muscle  filaments  are  not  organized  in  regular  par- 
allel arrays  as  is  striated  muscle.  In  striated  muscle, 
the  ends  of  the  thm  actin  filaments  are  anchored  in 
a  perpendicular  dark-staining  region  known  as  the 
Z-line  (sarcomere).  Between  two  Z-lines  is  a  region 
known  as  a  sarcomere,  which  contains  the  M  line 
and  11  and  A  bands.  In  smooth  muscle,  actin  ends 
(I'-actinl  radiate  out  ot  dense  bundles.  These  bun- 
dles are  distributed  at  periodic  intervals  thri)ugliout 
the  cell,  and  no  detectable  Z-lines  exist.'  These 
dense  areas  secure  the  F-actin  ends  as  do  Z  lines  in 


skeletal  muscle.  The  other  end  of  the  actin  filament 
(G-actin)  is  globular  and  participates  in  myosin- 
binding  during  muscle  contraction. 

Another  reason  for  a  lack  of  banding  in  smooth 
muscle  may  be  due  to  the  different  chemical  make- 
up of  the  thin  actin  filament.  Unlike  striated  mus- 
cle, smooth-muscle  actin  filaments  contain  tropo- 
myosin but  not  troponin.  Troponin  participates  in 
the  binding  of  Ca**  in  skeletal  muscle  contraction. 
Troponin  is  replaced  in  smooth  muscle  by  other 
Ca*^-binding  proteins  called  calmodulin  and  leio- 
tonin.*" 

The  mechanism  of  muscle  contraction  in  striated 
muscles  seems  to  apply  also  to  smooth  muscles.  A 
generally  accepted  theory  for  the  shiirtening  of 
muscle  fiber  is  based  upon  the  ""sliding  filament" 
modef'"  Briefly,  contraction  is  the  function  of  the 
physical  interaction  between  the  proteins  actin  and 
myosin.  Actin  proteins  form  long  helical  structures 
that  run  parallel  to  each  other  and  are  sandwiched 
between  myosin  fibrils.  The  heads  of  the  myosin 
proteins  bend  and  swi\el  to  attach  to  the  m)osin- 
binding  sites  on  actin  (G-actin).  The  area  of  this  bio- 
chemical interaction  on  the  head  of  the  myosin  fi- 
bril is  referred  to  as  the  myosin-P  (phosphorylat- 
able)  light  chain.'  As  contraction  continues,  the 
myosin-P  light-chain  heads  detach,  reattach  to  the 
G-actin,  and  continue  to  "slide"  along  the  actin 
chain  in  a  ratcheting  fashion."  The  bending  and 
swiveling  action  of  myosin  heads  requires  energy. 

The  energy  needed  for  this  important  contractile 
mechanism  is  supplied  by  the  hydrolysis  of  aden- 
osine triphosphate  (ATP)  into  adenosine  diphos- 
phate i.ADP)  on  the  phosphorylated  head  of  the 
myosin-P  light  chain.'-  ATP  can  be  catalyzed  to 
break  (hydrolyze)  a  high  energy  phosphate  (P) 
bond,  releasing  large  amounts  of  energy.  The  en- 
ergy released  drives  the  chemical  reaction  that 
causes  the  bending  and  sw  iveling  of  the  myosin-P 
light-chain  head  in  the  process  of  muscle  contrac- 
tion. The  resulting  ADP  can  be  rephosphorylated 
using  energy  provided  from  glucose  or  fatty  ac- 
ids.'^''^  Muscle  contraction  is  activated  when  a  de- 
polarizing stimulus  (neural,  electrical,  humoral,  or 
physical)  initiates  the  release  of  Ca*""  from  the  sar- 
coplasmic reticulum  that  surrounds  the  myofibrils. 

Two  models  have  been  proposed  to  e,\plain  how 
Ca**  triggers  smooth-muscle  contraction — the 
phosphorylation   model   and   the   calcium   direct- 
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binding  model."*  Evidence  is  accumulating  that 
both  models  ma\  modulate  dit'terent  aspects  ot  the 
actin-myosin  interaction;  phosphorylation  regulates 
the  velocity  of  the  shortening  while  Ca^*  binding 
regulates  the  production  of  sustained  force. '^■'*' 

The  phosphorylation  model  proposes  that  cyto- 
plasmic Ca*"  binds  \s  ith  calmodulin  in  the  smooth- 
muscle  cell.  The  calmodulin-Ca*  complex  then  ac- 
tivates a  myosin  light-chain  kinase.  This  enzyme 
catalyzes  the  phosphorylation  of  the  myosin-P 
light-chain  heads,  and  muscle  contraction  proceeds 
according  to  the  sliding  filament  theory.  According 
to  the  Ca**-binding  model,  contraction  is  sustained 
until  Ca**  is  reabsorbed  into  the  sarcoplasmic  re- 
ticulum.''-'* 

As  described  previously,  the  distal  ends  of  the 
actin  (F-actin)  filaments  are  fixed  at  the  center  of 
the  dense  Z-like  end  of  the  sarcomere  and  radiate 
outwards  like  the  spines  of  a  sea  urchin.  The  over- 
lapping of  the  actin  fibril  sliding  along  the  myosin 
filament  causes  a  shortening  of  the  muscle  fiber 
length  towards  the  central  hub.  Irregular  locations 
of  these  Z-like  plates  in  smooth  muscle  cause  a 
shortening  of  the  muscle  width  as  well  as  length. 
This  three-dimensional  contraction  causes  an  en- 
folding or  puckering  of  the  smooth-muscle  wall.^ 
The  result  is  a  necessan,'  attribute  of  vascular 
smooth  muscles,  affecting  the  diameter  of  the  ves- 
sel wall  (Fig.  2). 

The  main  storage  sites  for  intracellular  Ca**  are 
the  sarcoplasmic  reticulum  and  the  plasma  mem- 
brane. In  addition.  Ca*"^  can  rapidly  enter  the 
smooth-muscle  cell  through  voltage-gated  calcium 
channels  and  receptor-operated  ion  channels.  How- 
ever, the  sarcoplasmic  reticulum  normally  has  a 
calcium  pump  that  accumulates  intracellular  cal- 
cium when  the  cell  is  at  rest.  The  sarcoplasmic  re- 
ticulum and  the  plasma  membrane  generally  store 
enough  calcium  to  allow  the  smooth-muscle  cell  to 
contract  for  some  time.  e\  en  in  the  absence  of  ex- 
tracellular calcium.' 

An  understanding  of  smooth-muscle  contraction 
helps  us  to  comprehend  its  antithesis,  smooth- 
muscle  relaxation.  It  follows  that  anything  that 
promulgates  the  absorption  of  free  cytoplasmic 
Ca'^  will  thus  inhibit  contraction.  Cyclic  guanosine 
3'.  5'  monophosphate  (cyclic  GMP)  is  one  such  in- 
tracellular substance  that  reduces  cytoplasmic  Ca** 
levels.  Endothelium-derived  relaxing  factor  (EDRF) 
is  a  substance  produced  in  the  endothelial  cells  that 


RELAXED 


CONTRACTED 

Fig.  2.  Schematic  representation  showing  contraction  in 
a  smooth-muscle  cell.  Actin  filaments  are  anchored  in 
the  intersections  and  slide  along  the  myosin  filaments 
that  run  parallel  along  these  lines.  Upon  contraction,  the 
distance  between  the  dense  bodies  shortens  and  the  cell 
wall  balloons  out  causing  puckering  on  its  surface.  This 
process  is  responsible  for  decreasing  the  diameter  of  the 
vessel  wall.  (Reproduced,  with  permission,  from  Refer- 
ence 7.) 

increases  the  level  of  cyclic  GMP  in  adjacent 
smooth-muscle  cells.  Cyclic  GMP  and  EDRF  are 

perhaps  the  two  most  important  compounds  mod- 
ulating smooth-muscle  tone. 

Cyclic  Guanosine  3',  5'  Monophosphate  and 
EndotheUum-Derived  Relaxing  Factor 

In  the  mid-1970s,  it  was  thought  that  cyclic  gua- 
nosine 3',  5'  monophosphate  (cGMP)  was  actually 
involved  in  smooth-muscle  contraction.'''-"  The 
work  of  Ignarro  and  others  dispelled  this  notion.-'  -' 
By  the  mid-1980s,  it  was  generally  accepted  that 
increases  in  intracellular  cGMP  levels  preceded 
and  were  directly  linked  to  the  process  of  smooth- 
muscle  relaxation.  Higher  levels  of  cGMP  decrease 
intracellular  Ca'"*  levels  by  preventing  the  release 
of  bound  Ca**  from  the  sarcoplasmic  reticulum  in 
the  smooth-muscle  cell.-"'-"'  The  exact  means  by 
which  increa.sed  levels  of  cGMP  reduce  cyto- 
plasmic Ca**  levels  still  remain  vague.'-''  Further 
research  during  the  same  period  proposed  and  sup- 
ported the  hypothesis  that  compounds  capable  of 
releasing  or  forming  nitric  oxide  activated  guany- 
late  cyclase,  which  catalyzes  the  production  of 
cGMP.-'""'  In  1985,  Ignarro  hypothesized  the 
mechanism  of  this  action,  and  it  can  be  summar- 
ized as  follows:"  Nitrogen  oxide-containing  vaso- 
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dilators  such  as  nitroprusside.  nitroglycerin,  and 
other  related  drugs  cause  smooth-muscle  re- 
laxation. These  compounds  permeate  the  smooth- 
muscle-cell  wall.  Once  inside  the  cell,  they  gener- 
ate intracellular  intermediates  called  S-nitro- 
sothiols.'^"  '''  These  substances  rapidly  de- 
compose to  form  NO  gas.  NO  gas  then  activates 
the  enzyme  guanylate  cyclase,  which  produces 
cGMP.  The  cytoplasmic  level  of  cGMP  ri.ses  and 
prevents  the  release  of  Ca^*  from  the  sarcoplasmic 
reticulum.  The  decreased  availability  of  intra- 
cellular Ca**  inhibits  the  formation  of  the  calmo- 
dulin-Ca**  complex.  Phosphorylation  of  the  myo- 
sin-P  light  chain  is  inhibited,  consequently  attenu- 
ating vascular  smooth-muscle  contraction. 

The  walls  of  arteries  are  lined  with  endothelial 
cells  that  lie  adjacent  to  smooth-muscle  cells. "*-  In 
1975,  Moncada  and  co-workers  discovered  these 
endothelial  cells  to  be  necessary  for  vascular 
smooth-muscle  relaxation.'''  Furchgott  and  Za- 
wadzki  found  in  1980  that  the  cellular  depolarizing 
action  of  acetylcholine  stimulated  the  release  of  a 
powerful  smooth-muscle  relaxing  agent  in  the  en- 
dothelial cell.  They  named  this  substance  endo- 
thelium-derived  relaxing  factor  (EDRF).^  They  fur- 
ther concluded  that  arterial  smooth-mu.scle 
contraction  is  dependent  upon  an  intact  endo- 
thelium to  produce  EDRF.  The  endothelium  also 
produces  potent  vasoconstrictors.'''^  Dinh  Xuan  and 
co-workers  have  suggested  that  vascular  muscle 
tone  is  dynamic  and  represents  a  balance  between 
"vasorelaxing"  and  "vasoconstricting"  influences.^* 
A  wide  range  of  endothelium-dependent  drugs 
have  since  been  used  in  the  clinical  setting  as  vaso- 
dilators.^' However,  only  recently  has  their  vaso- 
dilating action  been  linked  to  EDRF. 

Throughout  the  mid- 1 980s.  reports  revealed  that 
NO  gas  was  either  a  major  component  of  EDRF  or 
NO  gas  alone  was  EDRF."  '''  Bioassay  studies 
have  since  shown  that  EDRF  and  NO  are  highly 
diffusible  gases  with  very  short  half  lives  in  aque- 
ous buffered  solutions."''"'"  Two  research  groups 
simultaneously  proposed  that  EDRF  and  NO  gas 
were  the  same. '**"*"  Although  it  is  still  debated 
whether  these  two  are  identical  active  species.  NO 
or  a  NO-producing  compound  is  now  recognized  as 
a  major  vasodilator  originating  from  the  endo- 
thelium.''*'''-'*"' The  hypothesis  that  inhaled  NO  gas 
is  a  selective  pulmonary  vasodilator  is  based  upon 
this  premise. 


Nitric  Oxide  Gas: 
A  Selective  PuimonaryVasodilator 

Regional  constriction  of  the  pulmonary  vascular 
bed  is  a  normal  physiologic  response.'''^  This  pro- 
tective reflex  attempts  to  preser\e  the  ideal  ventila- 
tion-to-perfusion  ratio  (\7Q)  between  1.0  and  0.8.''* 
V/Q  mismatching  is  the  most  common  cause  of  hy- 
poxemia in  the  critically  ill.''^  Modulation  of  pul- 
monary vascular  tone  is  a  localized  phenomenon 
and  is  independent  of  neural  and  humoral  stimuli.'** 
On  occasion,  excessive  pulmonary  vasoconstriction 
may  inadvertently  contribute  to  a  severe  V/Q  in- 
equality that  may  lead  to  the  demise  of  the  patient. 
Adult  respiratory  distress  syndrome,  persistent  pul- 
monary hypertension  of  the  newborn,  and  pul- 
monary hypertension  secondary  to  cardiac  disease 
are  but  a  few  of  these  pathologies.  An  important 
fraction  of  the  critically  ill  present  with  or  develop 
these  problems  and  have  high  morbidity. 

Various  drugs  have  been  used  to  reduce  pul- 
monary vascular  resistance.  The.se  include  but  are 
not  limited  to  arachidonic  acid  metabolites,  organic 
nitrates,  organic  nitrites,  organic  nitroso-  com- 
pounds, acetylcholine,  calcium  channel  blockers, 
and  magnesium  sulfate.-''"'''"''  The  pharmacologic 
actions  of  these  drugs  vary  but  ultimately  result  in 
the  decrease  of  intracellular  (cytoplasmic)  Ca"^,  a 
decrease  that  causes  smooth-muscle  relaxation.* 

The  major  stumbling  block  preventing  the  use  of 
these  cytoplasmic  calcium  inhibitors  as  pulmonary 
vasodilators  is  the  inability  to  achieve  specific  re- 
gional selectivity.  Associated  with  the  attenuation 
of  pulmonary  vascular  tension  is  a  concomitant  dil- 
atation of  the  systemic  arterial  vasculature — 
invariably  leading  to  sy.stemic  hypotension  and  var- 
ious other  reported  complications.^'*  '^''  Inhaled  NO 
gas  may  be  the  ideal  solution  to  this  problem  be- 
cause it  is  inactivated  prior  to  reaching  the  systemic 
circulation.  If  proven  to  be  safe  and  effective  at  re- 
ducing pulmonary  hypertension,  inhalation  of  NO 
gas  may  begin  a  new  era  in  the  selective  treatment 
of  pulmonary  vascular  disca.se." 

NO  gas.  as  previously  discussed,  has  been 
shown  to  be  a  potent  and  rapid,  but  transient, 
smooth-muscle  relaxant.  Recent  literature  supports 
the  hypothesis  that  endogenous  NO  gas  may  be  an 
important  modulator  of  vascular  smooth-muscle 
control.^**'*-  This  hypothesis  is  summarized  in  the 
following  paragraph  and  in  Figure  3. 
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Fig.  3.  Diagrammatic  representation  of  the  proposed  biocascade  mechanism  of  endothelium-dependent  nitric  oxide  gas 
(NO)  modulating  smooth-muscle  tone.  NO  diffusing  into  the  smooth  muscle  attenuates  muscle  contraction,  whereas  NO  en- 
tering the  blood  stream  is  rapidly  inactivated  by  hemoglobin. 


NO  gas  and  EDRF  appear  to  possess  identical 
activity  .''''•-'^"'^■^■^  Nitric  oxide  synthase^"*"*^  converts 


L-arginine*""  ^"  info  NO  gas  and  citrulline^'  in  the 
endothelial  cells.  NO  gas  then  diffuses  into  the  ad- 
jacent smooth  muscle  where  it.  directly  as  NO  gas 
or  indirectly  as  an  intermediate  S-nitroso- 
thiol,-^--'°-^°-'-'"  activates  guanylate  cyclase. ^"^'^^  The 
presence  of  the  enzyme  guanylate  cyclase  increases 
cGMP,  causing  smooth-muscle  rela.xation'''^"''^**  by 
preventing  the  release  of  Ca**  from  the  sarco- 
plasmic reticulum.-"'-"'  In  the  intravascular  space, 
NO  gas  immediately  binds  with  the  heme  ring  of 
hemoglobin  to  form  nitrosylhemoglobin  "^"  Oxida- 
tion occurs  forming  methemoglobin.^'-^-  Met- 
hemoglobin  is  subsequently  reduced  to  nitrite  and 
nitrates,  which  are  excreted  in  the  urine. 

The  importance  of  NO  gas  as  a  pulmonary  vas- 
cular muscle  relaxant  rests  on  its  characteristic  of 
being  delivered  as  a  gas  directly  to  the  pulmonary 
vascular  system,  without  affecting  systemic  vas- 
cular tone.  Like  oxygen,  NO  gas  can  be  ad- 
ministered via  the  pulmonary  airways.  The  proxim- 


ity of  the  alveoli  to  the  pulmonary  vascular  smooth 
muscle  suggests  that  NO  gas  acts  by  diffusing 
across  the  alveolar  membrane  into  the  smooth  mus- 
cle, attenuating  pulmonary  vascular  smooth-muscle 
tone^-  by  the  same  chemical  mechanism  as  dis- 
cussed previously.  The  primary  advantage  of  de- 
livering NO  gas  directly  to  the  pulmonary  vascular 
system  with  ventilation  is  that  it  will  not  reach  the 
systemic  circulation  (Fig.  4). 

Specifically,  NO  gas,  which  passes  beyond  the 
pulmonary  smooth  muscle  into  the  luminal  side  of 
the  vasculature,  is  instantly  inactivated  by  hemo- 
globin.^' It  has  been  shown  that  NO  gas  diffuses 
readily  across  the  alveolocapillary  barrier  and  has  a 
ver\'  high  affinity  for  hemoglobin.'*'  **'  In  fact.  NO 
gas  binds  280  times  faster  than  carbon  monoxide.*'* 
For  this  reason,  as  evidenced  by  recent  research, 
NO  gas  might  also  be  a  better  alternative  gas  for 
pulmonary  diffusion  studies.**'  Once  NO  gas  pen- 
etrates beyond  the  smooth-muscle  cell  into  the  cir- 
culating blood,  it  immediately  reacts  with  hemo- 
globin formins  methemoslobin.  It  is  known  that 
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Fig.  4.  Diagrammatic  illustration  showing  how  nitric  oxide  gas  (NO)  delivered  from  the  pulmonary  airways  might  promote 
muscle  relaxation  and  avoid  the  side  effects  of  systemic  vasodilatation. 


smokers  have  increased  methemoglobin  le\els  as 
compared  to  nonsmokers  (a  fact  that  can  now  be 
explained  by  this  NO  gas-hemoglobin  reaction**^). 
Inhaled  cigarette  smoke  contains  between  400  and 
1.000  ppm  of  NO  gas  and  is  reduced  by  hemo- 
globin into  methemoglobin.^" 

in  sunnnar\.  inhalation  of  NO  gas  would 
achieve  pulnionar\  dilatation  by  diffusing  directly 
from  the  ai\eoii  into  the  \ascular  sniootii-muscle 
cells  causing  rela.vation.  The  problem  of  con- 
comitant dilatation  of  the  s\stemic  \asculature  seen 
with  intravenously  administered  vasodilators  is 
avoided  because  NO  gas  permeating  beyond  the 
pulmonary  smooth  muscle  is  instantaneously  in- 
activated by  hemoglobin.  Correct  titration  of  NO 
gas  appears  to  be  of  paramount  importance.  Too  lit- 
tle may  not  achieve  the  desired  result  and  loo  much 
might  limit  oxygen  content  due  to  cxcessi\e  met- 
hemoglobin levels.  It  also  remains  to  be  seen 
whether  NO  gas  dilates  bronchial  smooth  muscle, 
especially  in  patients  with  small  air\\a\ s  disease. 

Because  NO  gas  is  deli\ered  from  the  alveolar 
side,  it  should  selectively  increase  perfusion  only  to 
\cntilatcd  areas  of  the  lung — normalizing  the  V/Q 


inequality.  This  in  fact  has  been  shown  to  occur  in 
patients  with  adult  respiratory  distress  syn- 
drome.'^**^'^^  The  result  would  mean  a  decreased 
fractional  inspired  oxygen  concentration  (Fio:l  re- 
quirement for  many  patients  and  a  consequent 
avoidance  of  oxygen  toxicity.  If  it  is  shown  that  in- 
haled NO  gas  relieves  pulmonary  vascular  re- 
sistance onl\  in  \entilated  areas  o\'  the  lung,  the 
prognosis  for  nian\  intensi\e  care  patients  suf- 
fering from  hspoxemia  or  increased  pulmonary  h\- 
pertension  ma\  dramaticall\  improve.**'  Morbidity 
secondary  to  these  problems,  could  also  decrea.se 
significantly. 

NO  gas  as  an  inhaled  smooih-nuiscle  relaxant 
has  been  a  topic  of  niajoi-  uitercst  at  ihe  .American 
Thoracic  Societ\  and  .American  Lung  .Association 
International  Conference,  other  professional  meet- 
ings, and  in  other  journals  during  the  last  two  years 
(I99I-I992).'*^'-'  Notwithstanding  the  interest  and 
research  supporting  the  use  of  inhaled  NO  gas  as  a 
selective  pulmonary  \asodilator.  some  important 
unknowns  remain  with  respect  to  its  application  in 
the  human  model. 
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Properties  of  Nitric  Oxide 

Despite  the  popularity  of  this  novel  therapeiitie 
approach  for  treating  pulmonary  \ascular  hyper- 
tension, a  dark  side  exists,  as  with  most  drugs.  As 
one  British-trained  anesthetist  recently  remarked 
(Da\  id  Rhydderch  MD.  Anesthesia  Dept.  King  Fai- 
sal Specialist  Hospital  &  Research  Center,  Riyadh. 
Saudi  Arabia,  1992),  "lt"s  difficult  to  adjust  to  the 
idea  that  a  gas  which  we  thought  might  be  lethal 
could  now  become  a  lifesa\ing  treatment."  A  re- 
view of  the  literature  provides  a  reasonable  ex- 
planation for  this  guarded  acceptance. 

In  1966.  at  the  University  of  Bristol,  contamina- 
tion of  a  nitrous  oxide  cylinder  with  NO  gas  caused 
the  tragic  death  of  one  and  the  near  fatality  of  an- 
other patient.''^  The  victims  presented  with  gross 
hypoxemia,  secondary  to  high  levels  of  met- 
hemoglobin  and  pulmonary  edema.  It  was  deduced 
that  the  contaminant  gas,  NO.  was  delivered  along 
with  nitrous  oxide  anesthesia.  Pulmonary  edema 
was  apparently  caused  by  the  toxic  effects  of  the 
oxides  of  NO  gas.  Excessive  levels  of  methemo- 
globin  in  the  circulating  blood  were  thought  to  be 
the  result  of  NO  oxidation  by  hemoglobin.  Fol- 
lowing the  Bristol  report,  the  purification,  storage, 
and  procedures  for  handling  nitrous  oxide  were 
scrupulously  reviewed,  and  anesthetists  were  alert- 
ed to  the  signs  and  symptoms  of  exposure  to  NO 
gas  and  its  oxides.''^  ''**  The  use  of  NO  as  a  thera- 
peutic gas  will  likely  be  viewed  with  strong  hes- 
itancy. For  this  reason  alone  it  is  important  that  all 
clinicians  become  familiar  with  the  properties, 
measurement  techniques,  and  toxicology  of  this  gas 
prior  to  its  use  in  the  clinical  sphere. 

NO  is  a  colorless,  highly  diffusible  gas  with  a 
density  about  the  same  as  that  of  air  ( 1.04).  In  the 
presence  of  oxygen,  NO  gas  combines  with  mo- 
lecular oxygen  to  form  a  red-brown  gas  called  ni- 
trogen dioxide  (NO.).  When  exposed  to  NO,  NO: 
reacts  readily  to  produce  dinitrogen  trioxide,  which 
is  soluble  in  water,  forming  either  nitrous  or  nitric 
acid.'*"'^  NO2  is  a  highly  reactive  gas  and  is  a  toxic  ir- 
ritant to  the  human  lung.  In  concentrations  of  2-5 
ppm  for  a  4-hour  period,  NO2  causes  mild  in- 
flammation in  the  human  lung.'*'*'^''  In  the  animal 
model,  exposure  to  high  levels  of  mixed  oxides  of 
nitrogen  (>  518  ppm)  causes  considerable  immedi- 
ate damage  to  the  alveolar  epithelium.  This  is  fol- 


lowed by  a  6-lnnir  latent  jicriod  culminating  in  the 
de\elopmcnt  of  pulmonary  edema.'™  A  recent  re- 
view of  the  risk  of  himian  exposure  to  NO^  in  the 
form  of  environmental  pollutants  from  combustion 
engines  warns  of  toxic  effects  through  increased 
susceptibility  to  infection  and  increased  airway  def- 
icits."" Some  of  these  findings  are  consistent  with 
the  clinical  symptoms  and  postmortem  examination 
of  the  1966  Bristol  death.  Fortunately.  NO  at  low 
concentrations  reacts  very  slowly  with  oxygen  to 
form  these  toxic  products.  The  justification  for  us- 
ing NO  as  a  therapeutic  gas  is  based  on  this  ra- 
tionale. 

The  reaction  of  NO  with  oxygen  to  form  poison- 
ous compounds  is  dependent  on  the  concentration 
of  oxygen  and  the  square  of  the  concentration  of 
NO.^**  Practically  speaking,  this  means  that  a  50% 
conversion  of  NO  to  NO;  at  10  ppm  in  room  air 
(20°C)  takes  7  hours.  At  100  ppm  it  would  take  40 
minutes.  This  may  explain  why  no  adverse  effects 
have  been  observed  in  recent  short-term  exposure 
of  laboratory  animals  to  concentrations  as  high  as 
100  ppm  NO.''' '"-  In  the  pulmonary  hypertensive 
human  model,  similarly  encouraging  findings  have 
been  reported  while  breathing  an  air/NO  (40  ppm) 
mixture.^"  The  United  States  Occupational  Safety 
and  Health  Administration  has  established  the 
time-weighted-average  NO  exposure  value  at  25 
ppm.""  Despite  these  encouraging  preliminary 
findings,  a  number  of  important  toxicologic  studies 
remain  to  be  done. 

Future  Directions 

The  literature  presents  a  strong  argument  for  the 
use  of  inhaled  NO  gas  as  a  specific  pulmonary 
vasodilator  for  the  purpose  of  reducing  V/Q  in- 
equalities. For  the  RCP,  the  most  tangible  result  of 
using  inhaled  NO  will  be  its  effect  on  decreasing 
requirements  for  ventilated  ICLI  patients.  However, 
it  remains  to  be  seen  whether  NO  gas  can  be  de- 
livered safely  and  effectively  to  the  critically  ill. 
Much  research  needs  to  be  done,  and  many  ques- 
tions need  to  be  answered  in  the  immediate  future. 
Specifically,  the  toxicologic  effects  of  long-term 
exposure  to  NO  gas  must  be  determined. 

Measuring  NO  gas  and  its  gaseous  oxides 
presents  a  formidable  challenge.  It  was  discovered 
in  the  mid-1960s  that  ozone  could  be  used  to  detect 
the  presence  of  NO. "'■*"''  The  reaction  of  NO  with 
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ozone  releases  energy  in  the  form  of  light.  This 
principle  is  known  as  chemiluminescence.  Meas- 
urement of  NO  and  its  other  oxides  is  based  on  this 
principle.  Each  o.xide  of  nitrogen  reacts  with  ozone, 
and  a  specific  measurable  wavelength  of  light  is 
emitted.  An  increase  in  the  awareness  of  our  en- 
vironment has  helped  in  the  development  of  vari- 
ous analyzers.  Because  NO  and  other  nitrogen  ox- 
ides are  common  air  pollutants,  it  is  not  surprising 
that  these  measurement  techniques  exi.st.  However, 
the  application  of  chemiluminescence  in  the  clin- 
ical environment  has  yet  to  be  addressed,  and  as 
late  as  1982  was  deemed  unnecessary.'"^  Clearly 
methods  of  measurement  and  analysis  of  these  gas 
mixtures  remain  in  their  infancy."""* 

Mixing  and  delivering  various  fractional  in- 
spired NO  gas  and  oxygen  concentrations  while 
avoiding  the  production  of  undesired  poisonous 
gases  is  still  to  be  worked  out.  Inspired  gas  mix- 
tures must  then  be  accurately  measured  to  de- 
termine the  level  of  oxidant  gases  for  each  level. 
Presently,  there  are  no  studies  measuring  chemical 
reaction  rates  of  oxides  of  nitrogen  at  37°C.  Once 
the  solutions  to  these  challenges  are  established,  a 
method  of  delivery  to  the  ventilated  patient  must  be 
sought.  Exhaled  patient-gas  scrubbers  must  still  be 
constructed  to  protect  the  health-care  worker.  Pre- 
dictably, a  vast  number  of  studies  must  be  con- 
ducted before  inhaled  NO  is  accepted  as  the  drug 
of  choice  for  the  treatment  of  pulmonary  hyper- 
tension and  for  the  improvement  of  oxygenation  in 
the  critically  ill. 

Medical  gas  therapy  is  a  familiar  realm  for  the 
RCP.  Many  questions  in  the  field  of  NO  gas  ther- 
apy could  well  be  addressed  and  solved  by  RCPs. 
The  door  is  just  opening  on  the  possibility  that  NO 
gas  may  also  be  useful  in  bronchodilator  therapy.'" 
Surely  RCPs  will  be  involved  with  NO  gas  therapy 
should  this,  too,  become  a  therapeutic  modality.  A 
unique  opportunity  exists  for  RCPs  to  rise  to  the 
challenge  of  the  occasion — to  be  on  the  leading 
edge  of  a  new  medical  gas  therapy.  The  intention 
of  this  article  is  to  establish  an  updated  under- 
standing of  NO  gas  therapy  and  to  stimulate  an  in- 
terest in  an  exciting  new  area  of  therapy.  In  conclu- 
sion, as  Robert  Kacmarek  recently  said,  quoting 
Horace  in  23  BC,  perhaps  this  is  the  opportune  mo- 
ment for  RCPs  to  "Carpe  diem!"'°' 
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PFT  Corner  #45 — 

Asthma  and  the  Vocal  Cord  Dysfunction  Syndrome: 

When  Wheezing  Is  Hysterical 

Jack  Wanger  RPFT  RRT  and  William  R  Beam  MD 


A  36-year-old  woman  with  a 
complex  medical  and  personal  his- 
tory was  admitted  to  our  facility  for 
evaluation.  She  had  been  a  licensed 
practical  nurse  (LPN)  for  12  years 
and  reported  that  she  had  come  from 
a  dysfunctional  family.  About  two 
years  prior  to  admission,  she  had  ex- 
perienced an  apparent  episode  of 
anaphylaxis  after  ingesting  a  non- 
steroidal anti-inflammatory  medica- 
tion and  had  required  intubation  and 
mechanical  ventilation.  Subsequent- 
ly, she  was  hospitalized  three  times 
within  the  next  2  months  for  bron- 
chospasm.  Over  the  next  2  months 
she  had  been  tapered  off  of  all  asth- 
ma medication  except  a  beta  agonist 
via  metered  dose  inhaler  to  be  used 
as  needed.  She  had  done  well  for 
several  months  until  she  suffered  an- 
other apparent  respiratory  arrest  re- 
quiring intubation.  This  episode  was 
preceded  by  the  ingestion  of  ap- 
proximately 6  oz  of  red  wine  and, 
consequently,  was  thought  to  repre- 
sent an  adverse  reaction  to  sulfites  in 
the  wine.  During  the  next  8  months, 
she  required  eight  hospitalizations 
and  numerous  emergency  room  visits 
for  refractory  asthma  and  episodes  of 
bronchospasm.  Due  to  the  refractory 


Table  1.    Results  of  Pulmonary  Function  Tests  Performed  on  Admission  before  and  af- 
ter Albuterol  by  a  36- Year-Old  Woman 


Mr  Wanger  is  Manager  and  Technical 
Director,  IHilmonary  Physiology  Unit;  Dr 
Beam  is  Staff  Physician  and  Instructor  of 
Medicine — National  Jewish  Center  for 
Immunology  and  Respiratory  Medicine, 
Denver,  Colorado. 


Test 


Before  Bronchodilator 


TLC(L) 
TGV  (L) 
RV(L) 
FVC(L) 
FEV,  (L) 
FEV,/FVC(%) 
FEFso/FIFsot 
Dlco  (mL  ■  ton- 


5.24  (94)* 
2.68  (87) 
1.54(113) 
4.19(100) 
3.00(85) 

75 
1.80 
35.30(114) 


After  Bronchodilator 

5.46 

2.17 

1.27 

4.59 

3.36 

73 

1.75 

*  Values  in  parentheses  are  percent  predicted. 

t  FEF50  =  forced  expiratory  flow  at  50%  of  vital  capacity;  FIF50  =  forced  ii 
of  vital  capacity. 


nature  of  her  symptoms,  she  was  said 
to  have  steroid-resistant  asthma  and 
was  treated  with  a  protocol  com- 
bining troleandomycin  (TAO)  and 
methylprednisolone  and  later  with 
methotrexate,  in  an  attempt  to  reduce 
the  corticosteroids  being  used  to  treat 
her  symptoms.  During  attempts  to  re- 
duce her  corticosteroid  dosage,  she 
required  two  hospitalizations  for  in- 
creasing bronchospasm  and  suffered 
another  respiratory  arrest  after  in- 
gesting chocolate,  again  requiring  in- 
tubation and  mechanical  ventilation. 
However,  a  fiberoptic  evaluation  of 
her  airways  following  extubation  re- 
vealed vocal-cord  mucus  stranding 
and  laryngeal  dyskinesia  suggestive 
of  the  vocal  cord  dysfunction  syn- 
drome. The  patient  rejected  this  as  a 


inspiratory  flow  at  50% 


Volume  (L) 


Fig.  1.  The  flow-volume  relationships 
for  a  36-year-old  woman  with  asth- 
matic symptoms.  The  light  solid  line 
is  the  reference  (predicted)  relation- 
ship; the  dark  solid  line  is  the  flow- 
volume  loop  prior  to  inhaled  albu- 
terol; and  the  dotted  line  is  the  flow- 
volume  loop  after  albuterol. 
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diagnosis  and  sought  another  med- 
ical opinion  from  our  institution. 

On  admission  to  our  hospital,  she 
was  taking  TAO/methylprednisolone, 
methotrexate,  and  theophylhne  oral- 
ly, and  atropine,  albuterol,  cromolyn 
sodium,  and  triamcinalone  by  inhala- 
tion. Her  chest  radiograph  revealed 
normal  lung  volumes  without  cardio- 
vascular abnormality,  no  evidence  of 
adenopathy,  and  mildly  prominent 
bronchova.scular  markings.  TTiese  find- 
ings were  consistent  with  the  diagnosis 
of  asthma.  Her  admission  pulmonary 
function  test  results  are  shown  in  Table 
1  and  Figure  1 . 


Questions 

1.  What  is  your  interpretation  of  the 
results  of  admission  testing? 

2.  What  additional  tests  do  you  rec- 
ommend? 


Answers  and  Discussion 

1.  Admission  PFTs:  The  admis- 
sion PFTs  show  normal  lung  vol- 
umes and  mild  airflow  limitation, 
which  improved  after  inhaled  albu- 
terol. The  inspiratory  portions  of  the 
flow-volume  loops  are  flattened.  The 
Dlco  is  within  normal  limits. 

2.  Additional  Tests:  The  diag- 
nosis of  vocal  cord  dysfunction  had 
been  previously  postulated.  How- 
ever, to  document  this  phenomenon  a 
laryngoscopy  during  symptoms  or 
following  an  abnormal  tlow-volume 
loop  was  indicated.  Whether  our  pa- 
tient also  has  asthma  remained  un- 
clear. Therefore,  testing  for  hyper- 
reacti\e  airways  was  indicated  (eg, 
histamine  or  methacholine  provoca- 
tion challenge).  If  our  patient  does 
have  hyperresponsive  airways,  it 
may  also  be  useful  to  determine  if 
sulfites  are  a  trigger. 


Fig.  2.  Two  views  of  the  glottis  during  fiberoptic  laryngoscopy  In  a  36-year-old 
woman  with  vocal  cord  dysfunction.  On  the  left,  the  vocal  cords  are  seen  during 
quiet  tidal  breathing.  On  the  right,  an  almost  complete  anterior  closure  of  the  air- 
way IS  seen  during  forced  respiration  with  the  pathognomonic  posterior  chink 
clearly  evident. 


Results  of  Additional  Tests 

The  results  of  the  direct  fiberoptic 
laryngoscopy  revealed  both  inspira- 
tory and  expiratory  vocal  cord  adduc- 
tion sporadically  during  quiet  breath- 
ing. The  phenomenon  worsened  with 
forced  inspirations  (Fig.  2).  Addi- 
tionally, a  posterior  chink  was  ev- 
ident with  forced  maneuvers.  No  na- 
sal polyps  or  laryngeal  masses  were 
seen. 

The  results  of  the  histamine  prov- 
ocation test  are  shown  in  Table  2  and 
Figure  3.  The  technician  noted  that 
the  patient  had  increasing  difficulty 
during  inspiration  with  the  higher 
doses  of  histamine.  The  interpre- 
tation of  this  test  was  mild  airway 
hyperresponsiveness  to  histamine  with 
aPC:„FEV|Of5.0mg/mL. 

A  metabisultlte  provocation  test 
was  subsequently  performed  using  5, 
25,  50,  and  l(X)  mg/mL  doses  of  meta- 
bisultlte administered  orally.  Pul- 
monary function  tests  were  jjer- 
formed  at  5  and  30  minutes  after 
each  dose.  The  results  showed  a  neg- 
ative response. 

Discussion 

The  case  described  in  this  Corner 
is  typical  of  a  group  of  patients  w  iih 
the  diagnosis  of  vocal  cord  dN  sfunc- 


tion  (VCD)  syndrome  in  that  the 
symptoms  of  bronchospasm  seem  out 
of  proportion  to  the  severity  of  asth- 
ma quantitated  bs  objective  testing. 
These  patients  are  difficult  to  treat 
and  frequently  have  side  effects  from 
their  treatment  (eg,  Cushing's  syn- 
drome). 

Historically,  patients  with  VCD 
syndrome  have  been  described  as 
having  Munchausen's  stridor.'  fac- 
titious asthma.-  emotional  wheezing,' 
and  psychogenic  pharyngeal  constric- 
tion.^ The  clinical  features  described 


o 
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o 


— 1 1 — 

to       2S 


DOSE  (mg  mLi 

Fig.  3.  The  graphic  representation  of 
the  histamine  provocation  test  (chal- 
lenge). The  °o  change  in  FEVi  Is  cal- 
culated from  the  FEVi  measured  af- 
ter inhalation  of  the  diluent  (D).  The 
dosing  begins  at  0.06  mg/mL  and  in- 
creases In  doubling  increments  up  to 
5.0  mg/mL.  A  20°o  fall  In  FEVi  was 
observed  after  inhalation  of  the  5.0 
mg/mL  dose.  The  PC2o  FEV,  is  5.00 
mg/mL. 
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Table  2.    Results  of  Histamine  Bronchial  Provocation  Test  in  a  36-Year-Old  Woman 
with  a  Complex  History 


Dose  (mg/mL) 


FEV,  (L) 


%  Change* 


Baseline 

Diluent 

0.06 

0.125 

0.25 

0.50 

1.00 

2.50 

5.00t 


3.36 
3.32 
3.37 
3.40 
3.34 
3.32 
3.27 
3.03 
2.63 


+2 

+2 

0 

0 

-2 

-9 

-20 


*  Percent  change  calculated  from  FEV|  measured  after  administration  of  diluent. 
tPC2oFEVi=  5.0  mg/mL. 


differ  somewhat  but  can  be  termed 
inspiratory  VCD,  expiratory  VCD,  or 
inspiratory  and  expiratory  VCD.^ 

The  diagnostic  evaluation  of  pa- 
tients with  presumed  asthma  and 
VCD  requires  care.  The  history  may 
give  valuable  clues,  directing  the 
physician  to  vocal  cord  dysfunction.* 
Many  so-called  asthmatics  will  point 
to  the  area  of  the  vocal  cords  when 
asked  where  they  believe  the  airflow 
limitation  is  occurring. 

The  patient  population  most  com- 
monly diagnosed  with  VCD  syn- 
drome is  female  between  the  ages  of 
20  and  40  years.  Also,  previous  med- 
ical or  paramedical  work  experience 
is  commonly  reported.*'  Auscultation 
of  the  laryngeal  area  is  not  always  a 
reliable  test.  Stridor  can  occur  wi'h 
normal  vocal  cord  function,  and  coi  - 
versely  there  can  be  VCD  and  no 
stridor. 

The  pulmonary  function  labora- 
tory data  are  usually  (and  remark- 
ably) variable.  When  VCD  patients 
are  asymptomatic,  lung  volumes,  spi- 
rometry, and  arterial  blood  gases  are 
normal. 

When  symptomatic,  the  VCD  pa- 
tient usually  demonstrates  an  ab- 
normal flow-volume  loop.  The  in- 
spiratory portion  or  both  inspiratory 
and  expiratory  portions  may  be  ab- 
normal.   Coughing   or   panting    will 


sometimes  relieve  the  abnormal  ad- 
duction of  the  cords,  and  flow  will  be 
increased  in  the  expiratory  portion. 
Thus,  the  flow-volume  loop  may  be 
helpful  in  suggesting  the  VCD  syn- 
drome but  is  not  diagnostic.*" 

Arterial  blood  gas  values  usually 
remain  normal  even  during  episodes 
of  wheezing  and  dyspnea.'  However, 
hypoxemia  and  hypercapnia'*'  can 
occur  and  make  the  clinical  decision 
to  intubate  a  patient  a  difficult  one  if 
the  diagnosis  of  VCD  has  not  yet 
been  firmly  established.  A  clue  to  the 
diagnosis  of  VCD  following  intu- 
bation may  be  the  lack  of  elevated 
peak  airway  pressures  during  me- 
chanical ventilation. 

The  definitive  diagnostic  test  is 
direct  fiberoptic  laryngoscopy.*"  This 
procedure  should  be  performed  dur- 
ing an  acute  exacerbation.  Panting, 
fast  inspiration,  and  phonation 
should  be  included  in  the  maneuver. 
Again,  coughing  and  panting  may  re- 
verse the  abnormal  vocal  cord  move- 
ment. Occasionally  direct  stimulation 
of  the  vocal  cords  with  the  laryngo- 
scope uncovers  the  dysfunction,  but 
this  is  not  routinely  recommended 
because  it  may  result  in  reflex  laryn- 
gospasm  and  produce  a  false-posi- 
tive evaluation. 

The  most  common  dysfunctional 
pattern  is  adduction  of  the  anterior 


two  thirds  of  the  vocal  cords  with  a 
posterior  diamond-shaped  chink. 
While  this  pattern  usually  occurs 
during  inspiration,  it  can  also  be 
present  during  the  entire  respiratory 
cycle. 

The  VCD  syndrome  may  be  clas- 
sified as  a  variation  of  a  hysterical 
conversion  disorder.  The  range  of 
psychopathology  associated  with 
VCD  includes  depression,  obsessive- 
compulsive  personality,  passive-de- 
pendent personality,  and  adjustment 
reaction  disorders.  A  majority  of 
VCD  patients  are  single  and  often 
have  had  difficulty  emancipating 
themselves  from  childlike  relation- 
ships with  their  families.  However. 
VCD  patients  do  not  consciously 
control  the  process,  and  therefore 
VCD  is  not  a  malingering  disorder." 
The  treatment  of  VCD  is  best  ap- 
proached with  a  multidisciplinary 
team  consisting  of  the  physician, 
psychiatrist,  and  speech  therapist. 
The  approach  used  when  informing 
patients  they  have  VCD  may  affect 
their  response  and,  thus,  it  should  be 
done  with  care." 

The  speech  therapy  techniques 
used  to  treat  patients  with  VCD  syn- 
drome are  adapted  from  those  tech- 
niques used  for  patients  with  other 
functional  voice  disorders  (eg,  hoarse- 
ness, laryngitis).  Patients  are  taught 
to  focus  attention  away  from  the  lar- 
ynx and  the  inspiratory  phase  of 
breathing,  to  relax  the  oropharyngeal 
muscle  groups,  and  to  concentrate  on 
active  expiration  using  the  abdomi- 
nal muscles. 

In  our  patient,  VCD  syndrome 
was  the  primary  cause  of  her  pul- 
monary disability.  However,  it  also 
appears  that  she  has  mild  airway  hy- 
perreactivity. She  has  improved  sig- 
nificantly after  numerous  speech 
therapy  sessions,  and  is  again  main- 
tained on  a  beta-agonist  MDI  only  as 
needed. 

In  conclusion,  VCD  syndrome  is 
an  uncommon  cause  of  wheezing.  It 
should  be  suspected  in  patients  with 
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icurrent  acute  episodes  of  wheezing 
lat  do  not  respond  to  usual  asthma 
eatment  except  intubation.  How- 
ver.  as  with  our  case,  VCD  can  oc- 
ur  in  conjunction  with  bronchial  hy- 
erreactivity,  and  a  systematic  diag- 
ostic  approach  is  needed  to  es- 
iblish  the  most  likely  source  of  the 
atient's  symptoms. 
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depth  inservice  training.  All  this,  plus 
a  three-year  warranty. 

Don't  get  caught  second-guessing. 
Choose  Nellcor  first 

The  N-180.  Nellcor  does  it  again. 
This  basic,  "no-frills"  pulse  oximeter 

NEULCOR 

fiKlLCOH  IS  a  registert-d  tiadt-mark  ol  Nt-llcor  Incorporaled, 
tNcllcor  Incorporated  1991 


is  small,  lightweight  and  has  a  built-in 
handle  for  easy  portability.  Long,  six- 
hour  battery  1&,  too.  Plus  audible 
alarms  and  large,  easy-to-see  visual 
alarms  to  alert  you  to  hypoxemia  prob- 
lems as  they  occur. 

For  more  information,  contact  your 
local  Nellcor  representative  or  call 
l-SOaNELLCOR.  or  51{>^7-5858. 
Nellcor  Incorporated,  25495  Whitesell 
Street,  Hayward,CA  94545. 

Internationally,  contact  European 
headquarters  in  the  Netherlands  at 
+31.73.426.565  or  Asia/Pacific  head- 
quarters in  Hong  Kong  at 
+852.7355618. 
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Charles  G  Durbin  Jr  MD  and 
Douglas  B  Eden  BS  RRT.  Section  Editors 


Test  Your 
Radiologic  Skill 


Is  This  a  Simple  Case  of  Respiratoiy  Distress  Syndrome? 

Katherine  A  Douglas  RRT  and  KiUhleen  S  Carlson  MD 


A  25-year-old  woman  who  was  in  her  sixth 
pregnancy  (gravida  VI)  had  given  birth  to  4  chil- 
dren (para  IV),  and  had  lost  1  nonviable  fetus 
(abortus  I),  was  admitted  to  the  hospital  for  sus- 
pected labor  at  32-weeks  gestation.  A  questionable 
fetal  abnormality  suggesting  dwarfism  had  been 
documented  by  ultrasound  earlier  in  the  pregnancy; 
however,  there  was  no  family  history  of  birth  de- 
fects or  dwarfism.  The  mother  used  alcohol  in- 
frequently and  was  a  one-half  pack  per  day  smoker. 
The  only  medications  she  had  used  during  the  preg- 
nancy had  been  stool  softeners,  terbutaline,  and  vi- 
tamins. 

After  a  spontaneous  vaginal,  vertex  delivery,  the 
1820-g  boy  cried  spontaneously  but  quickly  de- 
veloped increasing  respiratory  distress  and  brad- 
ycardia unresponsive  to  bag  and  mask  ventilation 
with  100%  oxygen.  The  infant  was  intubated  and 
ventilated,  and  pharmacologic  support  via  arterial 
and  venous  catheters  was  initiated.  Apgar  scores 
were  4  and  7  at  1  and  5  minutes,  respectively. 

On  physical  exam,  the  infant's  small  chest  di- 
ameter and  very  short  arms  were  noted.  Breath 
sounds  were  coarse:  no  heart  murmur  was  heard  on 
auscultation.  Bowel  sounds  were  present.  The 
testes  were  not  descended.  The  skull  was  very  soft; 
the  anterior  fontanel  could  not  be  appreciated.  Ra- 
diographs were  obtained;  the  chest  tllm  appears  in 
Figure  1. 


Ms  Douglas  is  the  NICU  orientor  with  the  Department  of  Res- 
piratory Care  and  Dr  Carlson  is  associated  with  the  Division  of 
Neonatology  of  The  Toledo  Hospital's  Reuben  Center  for 
Women  and  Children.  Dr  Carlson  is  also  clinical  assistant  pro- 
fessor in  the  Department  of  Pediatrics.  Medical  College  of 
Ohio  at  Toledo.  Toledo.  Ohio. 


Fig.  1.  Chest  radiograph  of  a  newborn  infant  with  res- 
piratory distress  and  bradycardia  unresponsive  to  bag- 
mask  ventilation  with  100%  oxygen. 


Questions 

Radiographic    Findings:    Aside    from    the    pul- 
monary parenchyma,  what  are  the  most  remarkable 
features  of  the  chest  radiograph? 
Tube  Position:  Is  the  endotracheal  tube  in  proper 
position? 


Answers  and  Discussion 
on  Next  Page 
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Answers 

Radiographic  Findings:  The  chest  film  is  par- 
ticularly notable  for  the  absence  of  tracheal  rings, 
the  absence  of  ossification  of  the  cervical  and  tho- 
racic vertebrae,  and  the  presence  of  short,  irregular, 
and  poorly  developed  ribs. 

Tube  Position:  The  endotracheal  tube  is  high  at 
the  clavicular  level  and  should  be  advanced  one 
centimeter. 

Discussion 

The  poor  ossification  shown  in  the  chest  film 
and  in  the  initial  skull  film  shown  here  in  Figure  2 
is  indicative  of  one  of  the  following  pathologies: 
Achondrogenesis  Type  I.  Achondrogenesis  Type 
II,  or  a  severe  form  of  hypophosphatasia.  In  this  in- 
fant, the  diagnosis  of  infantile  hypophosphatasia 
was  made  from  the  presence  of  serum  alkaline 
phosphatase  levels  of  4-1 1  lU/L  (normal  is  50-273 
lU/L)  and  urinary  excretion  of  phosphoethanol- 
amine  of  10,290  /jmol/g  creatinine  (normal  83-200 
;imol/g).  Blood  for  chromosome  studies  was  drawn 
from  the  patient,  and  results  were  normal. 


Fig.  2.  Skull  film  of  the  newbom  infant  whose  chest  film 
is  shown  in  Figure  1. 


Hypophosphatasia,  a  rare  metabolic  disorder  es- 
timated to  occur  once  in  100.000  births.'  is  most 
commonly  due  to  the  presence  of  an  autosomal  re- 
cessive trait,  although  an  autosomal  dominant  fomi 
has  been  described.' 

In  congenital  hypophosphatasia,  the  affected  in- 
fant presents  at  birth  with  skeletal  deformities  and 
respiratory  distress.^  The  condition  is  usually  lethal 
during  early  infancy,  with  respiratory  insufficiency 
the  usual  cause  of  death."*  (A  less  severe  form  of 
hypophosphatasia  can  manifest  as  an  osteomalacia 
in  adults).  Diagnosis  is  made  by  confirming  very 
low  levels  of  serum  alkaline  phosphatase  and  ex- 
cessive urinary  .secretion  of  phosphoethanolamine. 

Radiographs  of  affected  infants  are  notable  for 
poor  ossification  of  the  cranium,  wide  sutures, 
poorly  ossified  long  bones  with  irregular  lack  of 
metaphyseal  mineralization,  bowed  lower  extrem- 
ities, and  short  ribs  with  rachitic  changes.'*''  All 
these  findings  were  noted  in  our  patient. 

In  the.se  infants,  growth  cartilage  is  of  abnormal 
structure  with  long,  irregular  columns  of  hyper- 
trophic cells,  only  a  few  visible  areas  of  calcifica- 
tion, and  excessive  proliferation  of  osteoid  tissue.' 

Prenatal  diagnosis  of  hypophosphatasia  is  pos- 
sible using  an  alkaline  phosphatase  assay  following 
chorionic  villus  sampling  in  the  first  trimester.^ 
Mid-trimester  prenatal  diagnosis  using  ultrasound 
has  also  been  reported.  No  effective  therapy  is  cur- 
rently available  for  hypophosphatasia.  with  at- 
tempts at  treatment  with  a  low  calcium  diet,  ster- 
oids, and  vitamin  K  proving  ineffective.'* 

In  spite  of  increasing  ventilatory  support,  our  pa- 
tient developed  progressive  respiratory  failure.  The 
parents  elected  to  remove  the  baby  from  the  ven- 
tilator on  the  22nd  day  of  life;  he  succumbed  with- 
in the  hour.  An  autopsy  was  refused. 
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CORRECTIONS 


The  following  are  corrections  to  two  Clinical  Practice 
Guidelines  published  in  the  August  issue  (pages  918 
and  908,  respectively).  They  have  been  prepared  so 
that  you  can  {and  we  encourage  you  to)  cut  them  out 
and  paste  or  tape  them  over  the  incorrect  copy.  We 
regret  the  errors. 


The  following  is  from  Hess  and  Eitel,  Monitoring 
during  Resuscitation,  Respir  Care  1992;37(7):739- 
765.  They  have  been  prepared  so  that  you  can  (and 
we  encourage  you  to )  cut  them  out  and  paste  or  tape 
them  over  the  incorrect  copy.  (The  first  paragraph  is 
found  on  Page  75L)  We  regret  the  errors. 


OT-CC  4.0      INDICATIONS: 

Documented  hypoxemia:  In  adults,  children  and  in- 
fants older  than  28  days:  (1 )  Pa02  ^  55  torr  or  Sa02 
<  88%  in  subjects  breathing  room  air,''  or  (2)  Pa02 
of  56-59  torr  or  SaO:  or  Sp02  ^  89%  in  association 
with  specific  clinical  conditions  (eg,  cor  pul- 
monale, congestive  heart  failure,  or  erythro- 
cythemia  with  hematocrit  >  56).^"' 


7.1.1.1.5  Reduced  ear  perfusion  as- 
sociated with  heavy  exercise  has 
been  shown  to  affect  Sp02-'°'^'"^^ 


The  effect  of  hemorrhage  on  Pcj02  has  also  been 
reported.''"'  '■'^  In  a  study  of  16  normotensive  emer- 
gency department  patients  with  histories  consistent 
with  important  blood  loss,  it  was  found  that  a  con- 
junctival index  <  0.50  was  always  associated  with  a 
blood  volume  reduced  by  >  15%  below  predicted 
values  (Fig.  23).'"*°  In  dogs,  it  has  been  shown  that 


Fig.  33.  Survival  from  in-hospital  resuscitation  from  1961 
to  1991.  Dark  boxes  =  survived  arrest;  hatched  boxes  = 
survived  to  hospital  discharge. 


RESPIRATORY  CARE  •  OCTOBER  '92  Vol  37  No  10 


1195 


IT'S  SO  SIMPLE, 
MORE  PATIENTS  USE  LIFECARE  VENTILATORS  THAN  ANY  OTHER  PORTABLE 

IN  THE  WORLD. 


It's  a  fact.  For  simple,  safe, 
reliable  performance,  more 
ventilator  dependent  patients 
depend  on  I.IFKCARH  ventila- 
tors than  any  other  portable 
ventilator  in  the  world. 


The  a-ason  is  simple.  Advanced  micropro- 
cessor control  makes  LIFECARE  ventilators 
consistendy  acciirate,  versatile  and  easy  to  use. 

The  Pl.V-102  is  our  latest  achievement.  With 
five  modes  of  operation  to  choose  from, 
you  can  use  it  on  \  inually  any  patient  in 
your  institution.  It  features  a  unique  valve 
technology  that  accurately  delivers  oxygen 
fn)m  both  liquid  and  compa'ssed  gas  soua'cs. 
There's  no  need  for  blenders  and  no  waste 
of  ox\gen.  Thea-'s  also  a  comprehensive 
alarm  system  that  alerts  you  of  any  fault 


in  delivery  or  supply.  You  can 
even  connect  dia*ctly  to  your 
central  alarm  system. 

he  PL\-102  is  lightweight, 
rugged  and  completely  portable.  And  whether 
your  need  is  for  long  term  or  acute  caa*, 
the  PL\-102  makes  it  easy  and  affordable. 

Call  us  for  moa  infomiation  or  to  arrange 
a  trial  demonstration  in  \()ur  institution. 
Ask  about  the  PL\-lt)2.  It  may  not  be  child's 
play,  but  it  simply  doesn't  get  any  easier 
than  I.IFECARF. 


^LIFECARE 

65  S  Aspen  Kitigc  Drive 
I.afa>ette,  CX)  80026 
(303)  W>(>-923J 
FAX:  (303)  666-0415 
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Murder  Mysteries 


"Murder  Mystery"  for  Student  Practice 
of  Pulmonary  Physiology  Calculations 

Michael  B  Maron  PhD  and  Frank  J  Bosso  PhD 


In  the  study  of  pulmonary  physiology,  there  are 
a  number  of  important  calculations  that  can  be 
made  that  can  give  insight  into  how  well  the  lungs 
are  functioning.  These  include  calculations  of  al- 
veolar partial  pressure  of  Oj  (Po:).  arterial  O^  con- 
tent, physiological  dead  space,  and  alveolar  ventila- 
tion. In  the  relatively  short  time  available  for  the 
discussion  of  each  organ  system  in  medical  phys- 
iology courses,  students  are  often  overwhelmed  by 
the  number  of  equations  in  the  pulmonary  unit.  Al- 
though students  are  given  the  opportunity  to  prac- 
tice doing  these  calculations  in  the  form  of  problem 
sets,  there  is  often  a  lack  of  interest  in  spending  the 
time  required  to  make  these  a  useful  exercise.  In  an 
attempt  to  make  these  problems  more  interesting, 
we  have  developed  a  "murder  mystery"  in  which 
students  are  required  to  apply  basic  principles 
learned  in  the  pulmonary  unit  to  determine  the 
identity  of  the  murderer.  To  solve  the  case,  students 
must  calculate  arterial  O;  content,  O2  delivery, 
physiological  dead  space,  dead  space  ventilation, 
alveolar  ventilation,  and  alveolar  Po:  and  partial 
pressure  of  CO:  (Pco;)-  The  title  of  the  exercise  is 
"The  Case  of  the  Murdered  Rapper:  A  Whodunit 
Where  Basic  Principles  of  Respiratory  Physiology 
Are  Brought  To  Bear  Upon  the  Matter  of  the  Iden- 
tity of  the  Murderer."  Although  the  scenario  is  ad- 


Dr  Maron  and  Dr  Bosso  teach  in  the  Department  of  Physiol- 
ogy, Northeastern  Ohio  Universities  College  of  Medicine, 
Rootstown,  Ohio. 

At  the  suggestion  of  Neil  Maclntyre  MD.  Duke  University 
Medical  Center.  Durham.  North  Carolina,  this  paper  is  re- 
printed, with  slight  modifications  and  with  permission,  from 
the  American  Journal  of  Physiology,  261  (Adv  Physiol  Educ 
6):S3-S6,  1991.  Educators  wishing  to  use  this  paper  for  their 
students  may  photocopy  it. 


mittedly  farfetched,  we  have  observed  that  its  im- 
probability is  the  critical  ingredient  that  makes  the 
exercise  appealing. 

CAST  OF  CHARACTERS 

Davenport  Deadspace.  The  powerful  chairman 
of  a  large  international  conglomerate  (Environrape 
Inc)  that  has  made  billions  but  whose  products 
have  contributed  to  the  defoliation  of  the  Amazon 
rain  forests. 

Daphne  Deadspace.  The  lovely  and  beguiling 
daughter  of  Davenport  Deadspace.  A  debutante  of 
the  first  rank  and  heiress  who  is  betrothed  to  Bobby 
Bronchus,  a  heavy  metal  rapper.  She  sings  week- 
ends with  the  Metropolitan  Opera. 

Bobby  Bronchus.  A  heavy  metal  rapper,  whose 
band  (Bobby  Bronchus  and  the  Bronchial  Tubes)  is 
the  rage  of  two  continents  and  discrete  sections  of  a 
third.  Bobby  channels  much  of  his  rapper  earnings 
into  causes  advocating  the  preservation  of  the  en- 
vironment and  is  a  member  of  37  different  environ- 
mental organizations.  He  is  torn  between  his  love 
for  Daphne  and  that  for  the  environment. 

Victor  Ventilation.  The  Deadspaces'  loyal  butler, 
who  has  worked  for  the  family  for  the  last  30  years. 
Generations  of  Ventilations  have  worked  for  gen- 
erations of  Deadspaces. 

Aldo  Alveolus  PhD.  A  respiratory  physiologist, 
who  early  in  his  career  was  an  advocate  of  the  O: 
secretion  hypothesis  of  O2  transfer  from  air  to 
blood.  His  research  is  funded  by  grants  from  En- 
rivonrape  Inc. 

Madeline  Medstudent.  A  medical  student,  who  is 
working  her  way  through  medical  school  as  a  part- 
time  employee  of  the  Acme  Detective  Service.  She 
has  been  assigned  to  solve  the  murder. 
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Up  to  your 
neck  in 
CLIA 
issues? 

Ciba  Corning 
has  solutions. 


Quality  control  products  and 
data  management 

Broad  line  of  high  quality  control  products  for 
clinical  chemistry,  immunodiagnostics,  and 
blood  gas  analysis 

Blood  gas  and  chemistry  data  management 
systems  that  provide  concise,  simple 
documentation  for  patient  and  QC  records 
QC  Systems'"  and  Confirmation '  Services  for 
clinical  chemistry  and  blood  gas  QC  peer 
comparison  documentation 

Services  that  help  you  meet 
regulatory  requirements 

QC  Seminar  Program— educates  and 

demonstrates  practical  implementation  of  CLIA 

regulations 

QC  Consultant — provides  answers  to  your 

QC  questions  in  light  of  the  new  regulations 

Guidelines  to  State  Operations  Manual  -  lists  all 

guidelines  and  probes  that  comply  with  CLIA 

regulations 

Calibration  Verification  Matenal— verifies 

calibration  of  entire  patient  reportable  range  for 

clinical  chemistry  immunodiagnostics,  and 

blood  gas  analysis 

Technical  Assistance  Center— available 

24  hours  a  day 

For  an  invitation  to  our  next  Quality  Control 
seminar  and  an  update  on  the  most  recent  CLIA 
regulations,  call  1-800-255-3232. 

QC  Systems'"  is  a  trademar1<  ol  Ciba  Corning  Diagnostics  Corp, 
Contirmalion'  is  a  registered  trademark  of  Ciba  Corning 
Diagnostics  Corp 
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THE  MURDER 

Bobby  Bronchus  has  volunteered  to  be  a  subject 
in  one  of  Dr  Alveolus's  lung  function  studies  and 
will  have  his  CO  diffusion  capacity  measured.  The 
amount  of  CO  used  in  this  test  is  normally  very 
small  and  poses  no  threat  to  life.  Someone,  how- 
ever, has  switched  the  gas  cylinders,  and  the  new 
tank  now  contains  a  lethal  concentration  of  CO.  Dr 
Alveolus's  technician  administers  the  test  to  Bob- 
by, who  quickly  collapses  and  dies. 

THE  INVESTIGATION 

Madeline  arrives  to  investigate  the  death  and  im- 
mediately suspects  foul  play  when  she  learns  that 
CO  has  been  used.  The  immediate  question  is, 
however.  Was  the  CO  concentration  high  enough 
to  kill  Bobby  or  did  he  die  of  natural  causes? 
Madeline  draws  a  sample  of  Bobby's  arterial  blood 
and  finds  that  the  hemoglobin  concentration  is  14.0 
g/dL,  and  the  carboxyhemoglobin  level  is  80%. 
Madeline  then  assumes  that,  at  rest,  Bobby  would 
have  had  a  cardiac  output  of  ~  5  L  blood/min,  an 
O:  consumption  of  ~  250  mL  OVmin,  and  an  arteri- 
al P02  of  ~  100  torr.  She  quickly  uses  the  Pick  prin- 
ciple (see  Appendix  for  formulas)  to  calculate  Bob- 
by's normal  arteriovenous  O2  content  difference  at 
rest  and  then  compares  this  value  with  his  calculat- 
ed arterial  O:  content  to  determine  if  the  amount  of 
CO  found  in  Bobby's  blood  was  enough  to  prevent 
normal  O2  delivery.  Madeline  reasons  that  the  ar- 
teriovenous O:  content  difference  at  resting  cardiac 
output  and  O:  consumption  reflects  the  amount  of 
O;  that  must  leave  the  blood  to  maintain  a  normal 
resting  metabolism.  A  finding  that  Bobby's  blood 
was  incapable  of  carrying  even  this  amount  would 
suggest  that  Bobby  died  a  hypoxic  death.  Perform 
these  calculations  and  fill  in  the  blanks  in  Table  1 
to  determine  if  Bobby  died  of  CO  poisoning. 

Table  1 .     Calculations  To  Deienmine  CO  Poisoning 

Arteriovenous  oxygen  content  difference  ?        mL  Oj/dL 

Arterial  oxygen  content  in  presence  of 
80%  carboxyhemoglobin  ?        mL  02/dL 

Calculate  the  missing  values.  Did  Bobby  die  of  CO  poisoning? 


The  question  now  becomes,  "Whodunit?"  Made- 
line quickly  learns  that  all  of  the  characters  have 
motives  to  commit  the  murder.  Davenport  has 
learned  that  Bobby  has  found  out  about  the  rape  of 
the  Amazon  rain  forests  and  will  soon  be  going 
public  with  the  information.  Davenport  thus  sees  a 
long  prison  sentence  ahead  and  the  evaporation  of 
the  pretentious  life  style  that  he  has  come  to  love. 
Daphne  has  several  motives.  First,  she  loves  her  fa- 
ther and  cannot  bear  to  see  him  suffer.  Second,  she 
too  has  come  to  enjoy  the  lifestyle  made  possible 
by  her  father's  ill-gotten  riches  and  would  not  be 
able  to  continue  her  voice  lessons  without  this  sup- 
port. Finally,  she  has  recently  learned  that  Bobby 
has  been  having  an  affair  with  the  Bronchial 
Tubes'  female  drummer,  Helen  Hemoglobin.  Vic- 
tor, the  butler,  has  a  motive  in  that  his  loyalty  to  the 
Deadspace  family  could  drive  him  to  commit  any 
manner  of  heinous  wrongdoing  to  protect  the  Dead- 
space  family.  Finally,  Dr  Alveolus  stands  to  lose 
his  research  support  if  Environrape  Inc  experiences 
financial  difficulties. 

Madeline  further  learns  that  the  CO  cylinder 
could  have  been  switched  only  between  2:00  and 
2:45  PM  on  the  preceding  Saturday.  All  of  the  sus- 
pects were  attending  a  lawn  party  at  the  Deadspace 
mansion  at  that  time  and  all  have  alibis  except  for 
this  45-min  period.  None  of  the  suspects  can  es- 
tablish exactly  where  they  were  during  this  time. 
Madeline  realizes  that  the  murderer  would  have 
had  to  run  from  the  mansion  to  the  lab  (a  distance 
of  ~  1  mile),  exchange  the  cylinder,  and  then  run 
back  to  the  mansion  during  this  period.  Madeline 
figures  that  the  murderer  would  have  to  complete 
each  leg  of  the  run  in  ~  10  min.  She  does  a  quick 
mental  calculation  and  concludes  that  the  murderer 
would  be  required  to  deliver  ~  2,300  mL  0:/min  to 
the  working  mu.scles  to  accomplish  this  feat  in  the 
allotted  time.  As  a  first  step,  she  has  arterial  blood 
samples  drawn  from  each  of  the  suspects  and  also 
has  their  maximal  cardiac  outputs  determined  on  a 
treadmill.  She  uses  these  data  to  calculate  each  in- 
dividual's O:  content  and  maximal  O2  delivery  rate 
and  is  quickly  able  to  eliminate  one  of  the  suspects. 
Perform  these  calculations  and  tabulate  them  in 
Table  2  to  determine  which  suspect  Madeline  is 
able  to  eliminate. 

Back  at  school,  Madeline  attends  an  exercise 
physiology  lecture  and  learns  that  few  individuals 
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Table  2.    Arterial  O:  ConlenI  and  Maximal  O:  Delivery  Rate 
Values 

[Hb]*     PaO:     Sat  Q  CaO:       Max  Del 

Suspects     (g/dL)    (torr)    (<7r)    (L/tnin)    (mL/dL)  (niL/min) 


Davenport 

15 

97 

98 

20 

Daphne 

12 

95 

97 

16 

Victor 

8 

98 

98 

30 

Aldo 

8 

70 

90 

12 

*[Hb]  =  arterial  hemoglobin  concentration;  PaO:  =  arterial  par- 
tial pressure  of  O::  Sat  =  arterial  HbO:  saturation;  Q  =  maxi- 
mal cardiac  output;  CaO:  =  arterial  O:  content;  Max  Del  =  max- 
imal rate  of  Oj  delivery.  Calculale  the  values  for  CaO:  and 
maximal  delivery. 


These  data  eliminate 


.  as  the  suspect. 


are  able  to  maintain  their  maximal  rate  of  O:  de- 
livery for  very  long.  Thinking  about  this,  she  rea- 
sons that  none  of  the  suspects  would  be  able  to 
maintain  an  O2  delivery  rate  >  75%  of  maximum.  A 
lightning-quick  series  of  calculations  immediately 
eliminates  another  suspect.  Peiform  these  calcula- 
tions and  enter  the  results  in  Table  3  to  find  out 
who  is  eliminated. 


Table  3.    Maximal  and  75%  Maximal  O2  Delivery  Rate  Values 


Maximal  Delivery 

75%  Maximal 

Suspects 

(mL  02/min) 

(mL  Oi/min) 

Davenport 

7 

7 

Daphne 

? 

7 

Victor 

? 

7 

Aldo 

? 

9 

Note:  Remember  Madeline  has  calculated  that  an  O:  delivery 
of  2.300  mL/min  is  required  to  make  the  run  in  time.  Calculate 
the  values  for  maximal  delivery  and  75%  of  maximal. 


These  data  eliminate 


.  as  a  suspect. 


A  few  days  later,  Madeline  returns  to  the  scene 
of  the  crime  to  search  for  further  clues.  She  inter- 
views the  cleaning  crew  and  learns  that  they  saw 
no  one  in  the  lab  when  they  cleaned  between  2:10 
and  2:35  PM.  Obviously,  the  murderer  had  hidden 
in  the  lab  during  this  interval.  All  of  the  obvious 
places  to  hide,  however,  are  filled  with  Dr  Alveo- 
lus's  experimental  records  dating  back  to  the 
1930s.  On  further  inspection  of  the  laboratory, 
Madeline  finds  Dr  Alveolus" s  underwater  weighing 
pool,  a  large  tank  built  into  the  ground  that  is  used 
to  weigh  subjects  underwater  for  the  determination 
of  body  fat  content.  By  the  pool,  she  finds  a  large 
piece  of  plastic  tubing  of  the  type  used  for  plumb- 
ing. It  is  clear  that  the  murderer  had  used  the  tubing 
as  a  snorkel  while  hiding  from  the  cleaning  crew  in 
the  underwater  weighing  pool. 

Madeline  determines  the  volume  of  the  tubing 
by  water  displacement  to  be  135  mL.  "This  means 
that  the  murderer's  dead-space  ventilation  increas- 
ed while  hiding  in  the  tank,"  Madeline  concludes. 
"This  will  have  important  implications  for  O2  and 
CO2  homeostasis.  Perhaps  the  murder  can  be 
solved  on  this  basis." 

Madeline  observes  that  the  tubing  is  equipped 
with  a  pneumotach  (a  device  that  measures  airflow) 
and  has  cable  connections  to  an  analog-to-digital 
converter  attached  to  Dr  Alveolus" s  coinputer.  The 
tubing  is  obviously  a  homemade  device  for  studies 
of  dead  space.  Madeline  turns  on  the  computer  and 
learns  that  the  systein  was  on  during  the  time  of  the 
murder  and  that  there  are  actual  recordings  of  ven- 
tilation during  the  time  the  murderer  was  using  the 
tubing  as  a  snorkel.  The  records  indicate  that  the  to- 
tal minute  ventilation  of  the  murderer  while  breath- 
ing through  the  tubing  was  6,450  mL/min.  Made- 
line realizes  that  all  she  has  to  do  is  find  which 
suspect  would  have  a  total  ventilation  of  6,450  mL/ 
min  while  breathing  through  the  tubing  at  the  bot- 
tom of  the  pool.  This  individual  would  have  to  be 
the  murderer. 

The  most  direct  approach  to  solving  this  prob- 
lem would  be  to  measure  the  total  ventilation  of 
each  suspect  breathing  through  the  tubing.  Made- 
line is  concerned,  however,  that  the  murderer 
would  quickly  understand  what  she  is  up  to  and 
would  hyperventilate  or  hypoventilate  during  the 
test  to  change  ventilation.  Dejected,  she  continues 
to  search  through  the  computer  records  and  finds 
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Table  4.    Ventilatory  Calculations 


Davenport 

Daphne 

Victor 

Aldo 

Control  conditions 

Mixed  expired 

Pco:  (torr) 

27 

29 

23.6 

22 

Arterial  (=  alveolar) 

Pco;(torr) 

40 

39 

40 

38 

Tidal  volume  (mL) 

510 

450 

487 

400 

Physiologic  dead 

space  (mL) 

? 

? 

? 

? 

Total  ventilation 

(mlVmin) 

5.100 

5.400 

5.844 

6.000 

Respiratory  rate 

(breaths/min) 

10 

12 

12 

15 

Dead-space  ventilation 

(mL/min) 

7 

7 

7 

7 

Aheolar  ventilation 

(mL/min) 

■1 

■7 

9 

7 

Added  dead  space  (note  that  respiratory  rate  remains 
constant) 


mediately  clear.  She  reasons  that  she  can  use  this 

infomiation  to  calculate  each  suspect's  normal  al- 
veolar ventilation  and  that  this  value  should  be  sim- 
ilar (if  the  individual  is  to  maintain  CO;  and  O:  ho- 
meostasis) under  conditions  of  snorkel  breathing. 
All  she  has  to  do  is  add  the  total  dead-space  ven- 
tilation (physiological  -i-  snorkel  dead  space)  to  this 
value  to  obtain  the  total  ventilation.  Perform  the 
calculations  indicated  in  Table  4  to  determine  the 
identity  of  the  murderer. 

It  is  now  clear  that ? is  the  murder- 
er. Impressed  and  frustrated  by  Madeline's  re- 
lentless logic,  he  cries,  "Curses,  done  in  by  a  med- 
ical student  with  a  .sound  knowledge  of  respiratory 
physiology!"  Before  leaving  the  crime  scene  and 
turning  her  attention  to  biochemistry,  Madeline  de- 
cides to  perform  another  series  of  calculations  for 
relaxation.  She  knows  from  her  pulmonary  physiol- 
ogy lectures  that  to  maintain  CO;  and  O:  homeo- 
stasis during  snorkel  breathing,  one  must  maintain 
alveolar  ventilation  by  increasing  total  ventilation. 
Madeline  wonders  what  each  of  the  suspect's  al- 
veolar Po:  and  Pco:  would  be  if  ventilation  were 
not  increased.  Help  Madeline  unwind  by  per- 
forming the  calculations  indicated  in  Table  5. 


Snorkel  + 
physiologic 
dead  space  (mL)  ?  ?  ? 

Dead-space  ventilation 
(mL/min)  ?  ?  ? 

Total  ventilation 
(mL/min)  ?  ?  ? 

CcilciiUilc  llic  missini^  values.  Who  is  the  murderer? 


experimental  data  for  all  of  the  subjects  from  a 
study  on  dead  space  conducted  by  Dr  Alveolus. 
"Eureka!"  she  shouts.  Madeline  has  found  mixed 
expiratory  Pco:,  arterial  Pco:.  tidal  volume,  total 
ventilation,  and  respiratory  rate  data  under  baseline 
conditions  for  each  subject.  Her  strategy  is  now  im- 


Table  5.    Determinations  of  Alveolar  Po;  and  Pco:  Values 


Davenport       Daphne    Victor      Aldo 


Total  ventilation 

under  control 

conditions  (mL/min)         5.100 


Dead-space  ventilation 
with  added  dead  space 
(mL/iTiin)  ? 

Alveolar  ventilation 
(niL/min)  ? 

Alveolar  Pco;  (torr)  ? 

Alveolar  P();  (torr)  ? 

Caleiildte  the  inissiiif;  values. 


5,400      5.844      6.000 
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APPENDIX 

Symbols,  constants,  and  equations  are  from  West.' 


Environmental  Conditions  and  Constants 

Barometric  pressure  (Pb)  =  740  torr. 

Water  vapor  pressure  (Ph:0)  =  47  torr  at  37°C. 

Hemoglobin  (Hbj-O:  combining  capacity  =  1.39  niL  Oi/g  Hb. 

O:  solubility  coefficient  =  0.003  mL  0>/dL/torr. 

Inspired  O:  fraction  (Fio;)  =  0.2093. 

Respiratory  exchange  ratio  (R)  =  0.8. 

Equations  (in  order  of  use) 

Arteriovenous  O2  content  difference  (A-Vo;)  (Fick  equation) 

A-V02  =  Vo:/Q  [Al] 

where  Q  is  cardiac  output  and  Vq:  is  the  rate  of  O2  con- 
sumption. 

HbO:  =  (HbKHbO:  combining  capacity )(S/ 100);       [A2] 

dissolved  O;  =  {P0:)(0;  solubility  coefficient);        [A3] 

total  O:  content  of  blood  =  HbOi  +  dissolved  O2:       [A4] 

where  HbO:  is  O;  content  of  blood  combined  with  Hb, 
and  S  is  percent  Hb  saturation  with  O2. 


O2  delivery  rate  =  (CaO:)(Q ). 
where  CaO:  is  arterial  O2  content. 


[AS] 


Dead  space  volume  (Vq)  [assuming  equivalency  of  alveolar 
Pco:  (Paco:)  and  arterial  Pco;  (PaCO:)l  is 

Vd  =  (VT)([PaCO:  -  PECO:]/PaCO:),  [A6J 

where  Vj  is  tidal  volume  and  Peco;  is  expired  PcOz- 


Dead-space  ventilation  (Vp)  is 

Vd  =  (Vd)(0, 
where  f  is  respiratory  rate. 

Total  minute  ventilation  (Ve)  is 

Ve  =  Va  +  Vd, 
where  Va  is  alveolar  ventilation. 

Alveolar  ventilation  is 

Va  =  Vb-Vd. 

The  alveolar  ventilation  equation  is 

Va  =  (Vc02/PAC02)(k), 


[A7] 


[A8] 


[A9] 


lAlO] 


where  Vco;  is  rate  of  CO:  production  and  k  is  a  constant.  As- 
suming constancy  of  Vcos  and  equivalency  of  Paco:  and  PaCOi 
gives 


VAPaCOi  =  k. 


[All 


Alveolar  P02  (Pao:)  is 


PaO:  =  (Pb  -  PH20)(FiO:)  -  (PACO2/R).  [A12] 

(Note:  For  simplicity,  a  small  correction  factor  normally  added 
to  the  right  side  of  the  equation  has  been  omitted.) 
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Winning  in  ^  our  Profession  by 
Writing  Books — .\  Hom-To  Book 
for  Professionals  in  the  Biomedical 
and  Behavioral  Sciences  and  the 
Law,  by  Bowen  Hosford.  Hardco\  er. 
196  pages,  indexed.  Springfield  IL: 
Charles  C  Thomas  Publishers,  1990. 
$36.75. 

This  book  should  be  read  bs  both 
the  novice  and  the  experienced  au- 
thor. If  >ou  ha\e  seriously  thought 
about  writing  or  editing  a  book  but 
have  not  been  able  to  make  it  hap- 
pen, this  monograph  is  a  good  '"how- 
to."  I  have  written  or  edited  four 
books  and  find  Hosford's  advice  to 
be  right  on  target. 

Hosford  is  a  practicing  attorney 
whose  avocation  is  writing.  His  pub- 
lications include  a  historical  novel 
The  Grave  of  the  Twin  Hills  and  two 
books  on  medical  topics — Making 
Your  Medical  Decisions:  Your  Rights 
and  Harsh  Choices  Today  and  Bio- 
ethics  Committees:  The  Health  Care 
Providers  Guide.  In  preparation  for 
this  book,  he  taught  an  NIH  graduate 
school  course  on  book-writing. 

He  starts  with  a  chapter  entitled 
"Why  Write  Books?" — a  frank  dis- 
cussion of  what's  in  it  for  you  as  a 
professional,  speaking  to  the  self- 
discipline  required.  Chapter  2,  "Fact 
vs  Fiction,"  is  interesting  but  adds 
little  to  what  you  probably  already 
know.  The  third  chapter  provides 
some  advice  on  how  to  select  the 
type  of  book  to  write.  The  search  for 
competing  books  is  emphasized  with 
suggestions  for  finding  where  new- 
books  would  be  welcomed  by  the 
profession.  Part  of  this  planning  pro- 
cess includes  identitying  the  target 
audience,  and  Hosford  provides  ide- 
as for  looking  at  the  reading  le\cl  of 
your  peers. 

Chapter  5  alone  is  worth  the  price 
of  the  book  because  it  tells  vou  how 


to  find  the  time  to  write.  Issues  cov- 
ered in  this  chapter  include  use  of  a 
home  office,  writer's  block,  writing 
uilh  a  computer,  and  other  practical 
tips.  What  I  like  about  this  chapter  is 
that  the  ideas  fiow  from  the  ex- 
perience of  Hosford  and  several  oth- 
er seasoned  authors  whom  he  inter- 
viewed. His  suggestions  don't  elim- 
inate the  work  and  dedication  re- 
quired, but  they  will  save  you  time 
and  increase  your  chances  of  bring- 
ing a  book  to  print. 

In  Chapter  6.  Hosford  tells  you 
how  to  prepare  a  book  proposal  and 
describes  the  elements  that  must  be 
included.  I  find  this  to  be  one  of  the 
most  important  steps  in  writing  a 
book  because  it  requires  you  to  write 
chapter  outlines.  The  outlines  and  ta- 
ble of  contents  define  the  book  so 
that  the  project  can  be  sold  to  a  pub- 
lisher, and  they  provide  the  first 
blueprint  of  the  work  at  hand.  For 
potential  authors  who  have  never 
sold  a  book  idea,  this  chapter  is  pri- 
ority reading.  Experienced  authors 
will  want  to  pull  out  their  last  pro- 
posal to  see  what  they  can  add  to  the 
next  book  plan. 

Most  medical  writers  serve  as 
their  own  literary  agents  and  are 
faced  with  the  publisher's  "standard 
contract."  Hosford  does  a  good  job 
in  Chapter  7  of  explaining  why  liter- 
ary agents  are  usually  not  used  by 
most  medical  writers.  Better  yet.  in 
Chapter  8  he  tells  you  how  to  sell  a 
book  idea  w  ithout  an  agent. 

Chapter  9  deals  w  ith  the  organiza- 
tion of  the  book  and  how  to  use  for- 
mal outlines  to  guide  the  writing.  His 
ideas  on  how  to  use  a  personal  com- 
puter lo  replace  tile  cards  and  his 
suggestions  for  organizing  source 
material  are  ver\  helpful.  Comments 
about  plagarism  in  this  chapter  are  a 
sober  reminder  to  all  writers  about 
the  limits  of  usinii  someone  else's 


work.  The  author  assumes  that  the 
reader  has  a  graduate,  medical,  or 
law  degree  and  already  knows  how 
to  search  the  literature  for  source  ma- 
terial. 

Chapter  10  is  titled  "Writing  a 
Book  that  People  Will  Read"  and 
discusses  many  elements  of  good 
writing.  A  pitch  is  made  for  using  the 
active  voice,  short  sentences,  and 
short  words.  But  Hosford  cautions 
against  monotonous  writing  caused 
by  adhering  to  rigid  counts — that  all 
sentences  run  under  20  words  and 
most  words  be  one-syllable  ones. 
Other  important  topics  included  in 
this  chapter  are  use  of  case  studies 
and  several  grammatical  tips:  "Avoid- 
ing Adjectives  and  Adverbs," 
"Avoiding  Preposition  Pile-Up," 
"Tired  Expressions,"  "Lulling  (Bor- 
ing) the  Reader  by  Using  Triplets," 
"Sexism  in  Pronouns,"  and  "Using 
the  First  and  Second  Person."  The 
importance  of  taking  your  writing 
through  several  revisions  is  also  dis- 
cussed in  Chapter  10. 

Chapter  1 1  deals  w  ith  guarding 
against  lawsuits  and  conflicts  of  in- 
terest. This  chapter  would  be  useful 
to  authors  who  plan  to  use  case  stud- 
ies in  their  books.  Some  important 
ideas  about  the  importance  of  using 
sources  from  peer-reviewed  period- 
icals are  discussed  in  Chapter  1 1 . 

The  last  chapter  has  advice  on 
how  lo  boost  your  book's  sales. 
Some  interesting  thoughts  are  pre- 
sented such  as  promoting  the  book 
while  writing  it.  The  importance  of 
feeding  the  publisher  information 
about  the  potential  readers  of  your 
book  is  emphasized,  and  Hosford 
discusses  the  professional  groups 
that  need  to  know  about  your  writing 
project.  Much  of  this  chapter  deals 
with  promotional  efforts  beyond  the 
needs  of  most  medical  writers.  Two 
appendices   are   included.   The   first 
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lists  books  and  periodicals  directed 
at  book  writers  and  is  a  nice  resource 
for  further  help  with  writing.  The 
second  appendix  lists  several  macros 
for  power  users  of  personal  comput- 
ers. Unfortunately,  the  author  co\ers 
only  macros  used  on  computers  us- 
ing a  MS-DOS  operating  system.  If 
you  u.se  another  platform  such  as  Ap- 
ple, this  appendix  is  worthless.  Hos- 
ford  should  have  included  the  same 
macro  examples  for  Macintosh  users. 
In  summary,  if  you  are  writing  a 
respiratory  care  textbook  or  thinking 
about  the  project,  read  this  book  by 
Hosford.  He  does  a  good  job  of  pre- 
senting his  experiences  from  writing 
four  books  and  those  of  several  other 
authors.  Seasoned  book  writers  will 
also  gain  from  reading  what  Hosford 
has  to  say  about  time  management 
and  other  details  of  w  riting  a  book. 

Thomas  A  Barnes  EdD  RRT 

Associate  Professor  of 

Cardiopulmonary  Sciences 

Northeastern  University 

Boston.  Massachusetts 

Atlas  of  Bronchoscopy:  Technique, 
Diagnosis,  Differential  Diagnosis, 
and  Therapy,  by  Heinrich  D  Becker 
MD,  Klaus  Kayser  MD.  Volker 
Schulz  MD,  Siegfried  Tuengerthal 
MD,  and  Hans-Hermann  Vollhaber 
MD.  Translated  from  German  by 
Thomas  J  DeKornfeld  MD  and  Hein- 
rich D  Becker  MD.  Hardcover,  182 
pages,  illustrated.  Philadelphia:  BC 
Decker,  1991.  SI 25.00.  Distributed 
by  Mosby-Year  Book,  St  Louis  MO. 

Conceptually,  this  atlas  is  divided 
into  6  sections,  with  the  initial  sec- 
tion briefly  describing  the  indications 
and  contraindications  for  bronchos- 
copy, rigid  and  fiberoptic  endos- 
copes, anesthesia,  monitoring,  and 
obtaining  specimens.  The  next  sec- 
tion reviews  the  normal  anatomy  of 
the  upper  and  lower  airways,  an- 
atomic variations,  and  inflammatory 


disorders.  This  is  followed  by  a  sec- 
tion on  lung  parenchymal  conditions 
that  can  be  diagnosed  via  the  airway, 
such  as  tuberculosis  with  microbio- 
logic techniques  and  sarcoidosis  with 
transbronchial  biopsy.  There  is  a  de- 
tailed section  on  diagnosing  neo- 
plasia and  following  patients  during 
and  after  therapy.  The  section  on 
therapeutics  reviews  removal  of  se- 
cretions and  foreign  bodies,  laser  re- 
section, endoluminal  brachytherapy. 
fistula  closure  (fibrin  glue),  stent 
placement,  and  balloon  tamponade. 
The  final  section  reviews  complica- 
tions. A  helpful  index  and  186  refer- 
ences (1 12  in  English)  are  included. 

The  authors  are  members  of  the 
Pulmonary  Disease  Clinic  in  Hei- 
delberg and  represent  internal  med- 
icine, pathology,  and  radiology.  As 
expected,  there  are  excellent  color 
photographs  of  the  airway  printed  on 
glossy  paper.  Howe\er.  the  authors 
add  a  new  dimension  with  their  mul- 
tidisciplinary  approach.  They  have 
pro\ided  pertinent  photographs  of 
the  patient  (at  the  bedside,  in  the  op- 
erating room,  through  a  thoraco- 
scope), biopsy  specimen  (gross,  mi- 
croscopic: histopathology,  cytopathol- 
ogy.  immunopathology).  radiographs 
(plain  chest.  CT  scan,  tomogram,  an- 
giogram), and  special  tests  (flow- 
volume  loop,  pressure-volume  cur\e. 
electron  micrograph,  and  electron- 
absorption  spectroscopy).  Twenty- 
nine  tables  summarize  information. 
The  text  succinctly  describes  the  ab- 
normalities shown,  pathologic  condi- 
tion, diagnostic  approach,  therapy, 
and  outcome. 

The  shortcomings  are  minor.  For 
the  most  part,  the  figures  are  placed 
horizontally  across  the  page,  while 
the  legends  are  listed  vertically  on 
the  opposite  page.  It  would  be  less 
distracting  if  the  figures  and  legends 
appeared  in  corresponding  positions 
as  was  done  for  asbestosis  (Page  82) 
and  metal  dust  lung  (Page  83).  Fib- 
rinous tracheitis  is  called  "fibrous" 
(Page  26.  Figure  3 1 )  and  the  legend 


for  Figure  152C  is  missing  (Page 
108). 

By  emulating  an  excellent  case 
conference,  the  multidisciplinary  ap- 
proach establishes  a  new  standard  for 
teaching  bronchoscopy.  The  authors 
are  to  be  congratulated  for  their  fine 
work.  This  atlas  should  be  con- 
sidered mandatory  for  bronchos- 
copists-in-training.  Nurses  and  res- 
piratory care  practitioners  who  assist 
with  bronchoscopy  will  also  want  to 
consult  this  book. 

John  W  Shigeoka  MD 

Chief.  Pulmonary  Section 

VA  Medical  Center 

Salt  Lake  City,  Utah 

Hemodynamics  and  Gas  Exchange: 
A  Clinical  Guide,  by  Paul  Ouellet 
RRT.  Softcover.  illustrated.  195  pag- 
es. Edmundston.  New  Brunswick, 
Canada:  Marevie  Inc.  1991.  $32.95. 

The  author.  Paul  Ouellet.  a  res- 
piratory therapist  at  the  Edmundston 
Regional  Hospital  in  New  Bruns- 
wick, Canada,  suggests  that  the  pur- 
pose of  this  book  is  to  merge  the  dis- 
ciplines of  gasometry  (blood  gases), 
CO-oximetry.  and  hemodynamics  in- 
to an  easy-to-use  clinical  reference. 
He  has  succeeded  in  combining  these 
three  separate  topics  into  a  concise 
clinical  handbook. 

At  the  \ery  beginning  of  the 
book,  the  author  presents  detailed  in- 
formation about  the  conventions 
used  to  designate  the  variables  of  in- 
terest. In  writing  for  "anyone  in- 
volved in  the  treatment  of  critical 
care  patients."  Mr  Ouellet  has  de- 
veloped a  text  utilizing  internation- 
ally accepted  teminology  that  should 
be  comfortable  for  most  respiratory 
therapists  to  read. 

In  Chapters  2  and  3.  gas  exchange 
and  hemodynamic  elements  are  pre- 
sented in  a  standard  format.  Each  is 
reviewed  in  terms  of  symbol,  defini- 
tion, how  measured,  theoretical  inter- 
est, reference  values,  and  clinical  in- 
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lerpretation.  I  found  this  review  help- 
ful in  enhancing  my  level  of  under- 
standing before  delving  into  more 
complex  discussions  concerning  the 
physiologic  interdependence  of  hemo- 
dynamics and  gas  exchange. 

Chapters  4,  5,  and  7  explain  the 
relationship  between  hemodynamic 
and  gas  exchange  elements  in  terms 
of  data  collection  and  physiologic  in- 
teraction. Throughout  the  text.  Mr 
Ouellet  has  utilized  tables,  figures, 
and  graphs  to  effectively  illustrate 
and  clarify  the  discussions.  For  ex- 
ample. Figure  7-3,  found  on  Page 
120  (Chapter  7),  displays  a  useful  al- 
gorithm that  summarizes  the  various 
mathmatical  interactions  that  occur 
among  the  hemodynamic  and  gas  ex- 
change variables. 

The  basic  principles  of  the  phar- 
macologic control  of  preload,  after- 
load,  and  contractility  are  illustrated 
in  Chapter  6.  Specific  examples  of 
the  drugs  used  in  the  intensive  care 
setting  to  manipulate  the  patient's 
cardiovascular  status  are  also  re- 
viewed. An  excellent  table  presented 
at  the  end  of  this  chapter  effectively 
summarizes  the  relationship  between 
these  cardiovascular  variables  and 
the  therapeutic  agents  that  were  rec- 
ommended to  control  them.  This  was 
achieved  by  displaying  the  coronary 
side  affected,  failing  index,  and  rec- 
ommended pharmacologic  agent  for 
each  cardiovascular  variable. 

The  occasional  abbreviated  pres- 
entation of  information  had  me  at 
times  wishing  for  more  in-depth  dis- 
cussion. This  economy  of  explana- 
tion was  noted  several  times  through- 
out this  clinical  guide.  For  example, 
on  Page  51.  Mr  Ouellet  refers  to  the 
calculation  of  oxygen  tension  at  50% 
hemoglobin  saturation  using  the  Hill 
equation.  Some  of  the  symbols  for 
this  equation  are  not  explained,  and 
without  further  discussion  the  reader 
may  be  unable  to  calculate  the  pre- 
sented variable.  It  should  be  noted, 
however,  that  this  clinical  guide  is 
intended  to  be  a  concise  reference  for 


use  in  a  clinical  setting  and,  there- 
fore, explanations  are  occasionally 
given  with  a  minimal  amount  of  dis- 
cussion. 

In  general,  the  six  appendices 
promise  to  be  useful,  outlining  such 
procedures  as  radial  artery  line  in- 
sertion and  the  use  of  a  Swan-Ganz 
catheter.  Other  appendices  list  hemo- 
dynamic and  gas  exchange  equations 
and  a  chart  for  estimating  body- 
surface  area.  Appendix  E,  beginning 
on  Page  172.  is  a  somewhat  re- 
dundant listing  of  all  the  gas  ex- 
change and  hemodynamic  pa- 
rameters that  were  comprehensively 
listed  in  Chapters  2  and  3. 

To  summarize,  this  book  is  a  con- 
cise clinical  handbook  that  success- 
fully explains  the  major  concepts 
concerning  hemodynamics  and  gas 
exchange.  Although  the  book  was 
written  primarily  for  Canadian  health 
professionals,  respiratory  therapists 
in  the  USA  should  have  little  dif- 
ficulty understanding  this  text. 


James  A  Ganetis  RRT 

Associate  Director 

Respiratory  Care 

University  Hospital 

Stony  Brook,  New  York 


Pediatric  Home  Care:  Results  of  a 
National  Evaluation  of  Programs 
for    Ventilator-Assisted    Children, 

by  Lu  Ann  Aday  PhD,  Marlene  J 
Aitken  MAMS  OTR/L,  and  Donna 
Hope  Wegener  MA.  Illustrated,  464 
pages,  paperbound.  Chicago:  Pluri- 
bus  Press,  1988.534.95. 

This  book  was  written  by  Lu  Ann 
Aday  PhD,  associate  professor  of  be- 
havioral sciences  at  the  University  of 
Texas  School  of  Public  Health:  Mar- 
lene J  Aitken.  a  doctoral  student  in 
the  School  of  Public  Health  at  the 
University  of  Illinois,  and  Donna 
Hope  Wegener,  a  PhD  candidate  in 
the    school    of   Social    Service    Ad- 


ministration at  the  University  of  Chi- 
cago. The  book  (designed  to  assess 
systems  that  provide  care,  train 
health  personnel,  and  administer  pri- 
vate and  governmental  agencies) 
contains  more  than  50  detailed  and 
closely  analyzed  tables  and  figures,  a 
methodologic  appendix,  and  the 
complete  caregiver  questionnaire  and 
key-informant  questionnaire  used  to 
gather  information  on  the  programs. 

The  authors  detail  evaluation  of 
three  Special  Projects  of  Regional 
and  National  Significance  Ventila- 
tor-Assisted Care  (SPRANS-VAC) 
programs,  located  in  Louisiana.  Illi- 
nois, and  Marvland.  Key  points  are 
reinforced  and  reiterated  throughout 
the  book.  The  book  is  easy  to  read 
and  follow:  each  chapter  begins  with 
general  information  regarding  data 
collection,  and  a  summary  of  tables 
and  contents  is  found  at  the  end  of 
each  chapter.  The  authors'  conclu- 
sions and  evaluations  are  broken  into 
5  major  categories:  Program,  Pa- 
tients. Families.  Policies,  and  Re- 
search. 

The  actual  study  emanated  from 
the  1982  Surgeon  General's  Work- 
shop on  Children  uith  Handicaps 
and  their  Families.  The  Division  of 
Maternal  and  Child  Health  funded 
the  SPRANS-VAC  programs  to  de- 
velop regionalized,  comprehensive, 
coordinated  systems  of  care  and  a 
comprehensive  evaluation  of  the  im- 
plementation and  impact  of  those 
programs.  Pediatric  Home  Care  is 
the  result. 

The  authors  assess  not  only  the 
projects'  effectiveness  in  meeting 
their  grant  objectives,  but  also  their 
relevance  for  other  communities  and 
other  types  of  chronically  ill  chil- 
dren. 

Pediatric  Home  Care  focuses  on 
children  with  chronic  physical  ill- 
ness, particularh  those  who  require 
technologically  sophisticated  inter- 
vention. A  conceptual  model  is  intro- 
duced to  explain  the  collection  and 
analysis  of  data  to  evaluate  the  pro- 
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grams  designed  to  create  non-patient 
alternatives  for  one  categor>'  of  tech- 
nology-assisted children. 

Proponents  of  home  care  for 
chronically  ill  children  not  only  pre- 
dict reductions  in  cost  but  also  im- 
provements in  the  child's  growth  and 
development  in  the  home.  This  study 
documents  the  effectiveness  of  these 
alternative  interventions. 

Chapter  1  reviews  the  literature 
current  in  1988  and  summarizes  the 
study  design  and  why  each  area  was 
a  focus  for  the  program.  Chapter  2 
describes  the  methodology  and  analy- 
sis plan  for  the  SPRANS-VAC  eval- 
uation. Chapters  3,  4.  and  5  provide 
key-informant  interview  data  to  val- 
idate the  descriptive  profiles  con- 
structed from  the  administrative 
record  materials  and  the  principal 
data  for  describing  the  overall  char- 
acteristics and  implementation  of  the 
programs.  Statistics  on  specific  char- 
acteristics of  the  population  and  a  de- 
scription of  the  general  socioeconom- 
ic and  health-care  system  in  the  three 
program  states  were  examined  to 
provide  an  understanding  of  the  en- 
vironment into  which  the  SPRANS- 
VAC  programs  were  introduced. 
Chapter  4  presents  the  history  of  the 
programs,  exemplifying  ways  in 
which  different  environments  shape 
different  program  designs.  Case  stud- 
ies describing  the  three  programs  are 
presented. 

Chapter  5  develops  performance 
profiles  of  the  programs  that  reflect 
the  implementation  of  the  major  pro- 
gram goals  and  draws  implications 
from  the  program  experiences  in  ad- 
dressing these  goals  or,  in  some  cas- 
es, electing  to  modify  and/or  de- 
emphasize  these  goals  over  time.  It 
was  found  in  examining  the  pro- 
grams that  the  goals  and  objectives 
(1)  varied  from  progiam  to  program 
based  on  the  environment,  the  par- 
ticipating staff,  the  target  population, 
and  of  other  factors:  and  (2)  shifted 
within  programs  because  of  factors 
such  as  changing  staff,  environ- 
mental conditions,  and  resources. 


Understanding  the  differences  in 
the  programs  and  the  respective 
models  that  emerged  in  the  three 
states  is  necessary  to  proceed  to  the 
evaluation  of  the  ultimate  impact  of 
the  programs  on  ventilator-assisted 
children  and  their  families.  Chapters 
6-9  evaluate  the  ultimate  impact  of 
the  SPRANS-VAC  programs  by 
looking  at  specific  patient  data.  The 
authors  considered  quality  of  life  of 
the  ventilator-assisted  children,  im- 
pact on  their  families  and  principal 
caregivers,  and.  ultimately,  cost  of 
care  at  home  compared  to  the  hos- 
pital. At  the  time  of  publication,  this 
information  was  the  largest  collected 
sample  of  ventilator-assisted  chil- 
dren, their  families,  and  the  people 
who  principally  care  for  them.  Both 
the  families'  and  the  programs' 
points  of  view  are  discussed. 

In  Chapter  9  the  authors  identify 
both  direct  and  indirect  costs  of  ill- 
ness, institutional  and  non-institu- 
tional costs,  distribution  of  costs  by 
type  of  services,  and  relative  costs  in 
different  states,  concluding  that  the 
home  care  programs  reduced  the 
charges  and  costs  of  care  for  ven- 
tilator-assisted children.  The  bulk  of 
their  savings  can  be  attributed  to  sub- 
stitution of  parental  for  professional 
nursing  services  in  the  home  and  to 
elimination  of  lab  tests  and  pro- 
cedures. Conclusion:  Hospital  charg- 
es exceed  home  costs  by  $793  per 
day  on  an  average.  Hospital  costs  ex- 
ceed home  costs  by  $418  per  day  on 
an  average. 

Chapter  10  addresses  the  implica- 
tions of  the  findings  for  programs 
charged  with  responsibilities  com- 
parable to  those  of  the  projects  re- 
ported here. 

The  authors  conclude  that  the  pro- 
grams evaluated  represent  pioneer  ef- 
forts to  address  many  issues  in  form- 
ing a  system  of  services  for 
ventilator-assisted  children.  Strong 
interorganizational  links  and  a  stable 
program  structure  have  been  found 
to  be  the  best  predictors  of  success  in 
developing  a  regionalized  system  of 


care  and  a  comprehensive  coordi- 
nated model  of  care.  Financing  of 
home  care  and  financial  problems 
experienced  by  families  are  the 
greatest  predictors  of  family  and 
caregiver  stress  once  the  child  is 
home.  The  authors  believe  that 
health  policymakers  can  address 
changes  in  both  the  mechanism  and 
comprehensiveness  of  financing  al- 
ternatives for  chronically  ill  children. 
1  find  the  analysis  of  the  three 
programs  very  accurate  based  on  my 
personal  involvement  in  one  of  the 
programs.  This  book  can  serve  as  a 
resource  and  reference  guide  for 
those  parents,  professionals,  and  pol- 
icymakers involved  in  home  care  of 
technology-assisted  children. 

Darlene  D  Cinio  BS  RRT 

Director.  Cardiopulmonary  Dept 

St  Jude  Medical  Center 

Kenner,  Louisiana 


Respiratory  Infections  in  the  Eld- 
erly, edited  by  Michael  S  Niederman 
MD.  Hardcover.  320  pages,  illustrat- 
ed. New  York:  Raven  Press,  1991. 
$65.00. 

The  elderly  comprise  one  of  the 
most  rapidly  growing  segments  of 
the  American  population  and  dispro- 
portionally  account  for  a  majority  of 
hospitalized  patients.  Yet.  most  med- 
ical textbooks  have  been  written  by 
experts  who  practice  in  a  university 
setting  in  which  the  patient  popula- 
tion is  often  much  younger.  There- 
fore, a  paucity  of  data  have  been  re- 
ported specifically  about  the  elderly. 
Realizing  this,  I  had  actually  pur- 
chased this  text  prior  to  being  asked 
to  review  it  for  the  Journal.  After 
reading  and  reviewing  the  text,  I  am 
very  glad  that  1  did  make  this  pur- 
chase. 

Dr  Michael  Niederman  from  State 
University  of  New  York  at  Stony 
Brook  has  assembled  a  group  of  au- 
thors who  are  very  well  qualified  and 
experienced   in   treating  the  elderly 
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pulmonary  patient.  The  text  is  di- 
rected at  ph)  sicians  who  treat  elderly 
patients,  although  the  experienced 
respiratory  care  practitioner  will  cer- 
tainly be  very  interested  in  and  will 
benefit  from  reading  many,  but  per- 
haps not  all.  of  the  chapters.  Two 
chapters  that  will  be  particularly  in- 
teresting for  respiratory  care  practi- 
tioners are  Dr  Niederman  and  Dr 
Alan  Pain's  chapter  entitled  "Com- 
munity Acquired  Pneumonia  in  the 
Elderly"  and  Dr  Niederman"s  chapter 
on  "Nosocomial  Pneumonia  in  the 
Elderly,"  which  are  very  well  written 
and  comprehensive,  although  they 
contain  only  a  few  illustrations.  The 
chapter  entitled  "Slowly  Resolving 
Pneumonia  in  the  Elderly."  also  writ- 
ten by  Niederman  and  Fain,  is  better 
illustrated.  The  authors  are  expert  on 
this  topic  and  have  done  a  very  fine 
job  of  summiirizing  multiple  studies 
and  in  giving  the  reader  a  practical 
approach  to  this  frequent  clinical  di- 
lemma. 

The  chapters  on  "Epidemiology 
of  Respiratory  Infections  in  the  Eld- 
erly," "Pulmonary  Host  Defenses  in 
the  Elderly,"  and  "Pharmacology  of 
Antimicrobials  in  the  Elderly"  are 
detailed  reviews  of  their  respective 
topics;  however,  they  are  of  more  in- 
terest to  a  physician  or  scientist  than 
to  respiratory  care  practitioners.  1 
find  the  chapter  on  "Pharmacology 
of  Antimicrobials  in  the  Elderly" 
most  helpful  in  sorting  out  the  nu- 
merous antibiotics  that  have  recently 
been  developed  and  feel  that  this  is  a 
good  overview.  The  chapters  on 
"The  Common  Cold, "  "Intlucn/a  in 
the  Elderly."  and  "Airways  Infec- 
tion" are  also  well  written  and  may 
be  of  interest  to  the  respiratory  care 
practitioner.  However,  the  chapter  on 
"Airways  Infection"  is  more  super- 
ficial than  the  other  chapters  because 
it  attempts  to  address  several  prob- 
lems such  as  bronchiectasis  and 
bronchitis  without  having  the  space 
to  focus  in  completely  on  practical 
aspects.  Dr  William  Stead,  who  has 


perhaps  the  most  extensive  exper- 
ience with  tuberculosis  in  the  elderly. 
is  co-author  of  the  chapter  on  tuber- 
culosis, a  chapter  that  succinctly  sum- 
marizes decades  of  data.  Although 
there  is  only  one  chest  radiograph. 
Tables  1  and  2  and  Figures  1-4  are 
\ery  well  presented,  and  Table  3  and 
Figure  5  summarize  treatment  and 
outcome  very  well. 

In  conclusion,  this  book  would 
serve  as  a  good  reference  for  the  res- 
piratory care  practitioner.  Again.  I 
commend  the  authors  for  recognizing 
the  need  to  direct  more  attention  to- 
ward pulmonarN  disease  in  the  eld- 
erly, and  I  hope  that  this  will  serve  as 
a  springboard  for  more  focused  re- 
search and  writings  on  other  aspects 
of  pulmonary  care  in  the  elderly. 

Bruce  P  Krieger  MD 

Associate  Professor  of  Medicine 

University  of  Miami  at  Mount  Sinai 

Medical  Center 

Chief,  Pulmonary  Intensive  Care 

Mount  Sinai  Medical  Center 

Miami  Beach,  Florida 
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P.O.  Box  1135,  Valley 
Forge,  PA  19481.         ■ 


NATIONWIDE 


NATIONWIDE 


FACULTY 


PART-TIME  TEMPORARY 
INSTRUaOR  RESPIRATORY  CARE 

El  (amino  College  Is  currently  accepting  applications  for 
anticipated  part-time  facglty  Respiratory  Care  positions.  For 
applKalion  materials  and  information  contoct: 

El  Camino  College 

•I  S««kM,  16007  OMiiuw  Mvd. 
TonoKth  ColilMiio  90S06 

010)715-1477  


A  Healthcare  Company 
That  Could  Get  You 


Going  Places. 


That's  why  over  1,000  Respiratory  Therapy  Clinicians  have  found  their  place  with 
Primedica.  As  America's  largest  Cardiopulmonary  Conu-act  Management  Company, 
we  have  something  to  offer  everyone.  From  upper  level  management  to  entry  level 
practitioner  positions. 

J'     Diversity.     With  over  140  client  hospitals  in  more  than  40  states, 
^diSii.     Primedica  has  a  place  for  you. 

/    Promotion.  We  stand  firm  behind  our  "Promotion  From  Within"  Policy. 
y/ '      Imagine  the  opportunities  awaiting  you  with  more  than  1 ,000  full  time 
"^^    positions!     Our  new  Management  Training  Program  will  more  than 
prepare  you  for  advancement! 

Education.  Primedica's  Education  Department  strives  to  keep  our 
therapists  current  on  the  latest  medical  and  technical  advancements. 
Tuition  reimbursement  allows  you  to  advance  your  degree.  CRTT  and 
RRT  review  courses  are  available  for  credentialing,  and  on-site 
teleconference  and  video  conference  programs  keep  you  up  to  date  on 
CRCE  requirements. 

Full  Benefits  Package.  Competitive  salary,  relocation  assistance,  tuition/ 
seminar  reimbursement,  a  full  medical  and  dental  plan  are  just  some  of 
the  benefits  offered  to  our  national  team  of  devoted  "Primedica  People." 


We  have  immediate  openings  at  places  like  . . . 

•  Mt.  Washington  Pediatric  Hospital,  Baltimore,  MD  -  Staff,  Min.  CRTT  or  Elig. 

•  Page  Hospital,  Page,  AZ  -  Staff,  Min.  CRTT  or  State  License. 

•  King  Drew  Medical  Center,  Los  Angeles,  CA  -  Assistant  Dir.,  Min.  B.S.,  RRT. 

•  Clarendon  Memorial  Hospital,  Manning,  SC  -  Staff,  Min.  CRTT  or  State  License. 

To  learn  more  about  your  place  with  America's  finest  at  these  or  more  than  140 
places  nationwide,  call  John  Hopkins,  National  Recruiter  at  (800)  448-4249  or  in 
GA  (800)  874-2596,  Ext.  3005. 

^PRIMEDICA 

1841  West  Oak  Parkway,  Suite  C,  Marietta,  GA  30062 


EOE  M/F/H/V 


RESPIRATORY  CARE  •  OCTOBER  '92  Vol  37  No  10 


Respiratory 
Therapists 


Are  you  interested  in  .  .  . 

Q  Providing  care  that  makes  a 
difference? 

Q   Having  a  voice  In  building 

superior  quality  care  and  service? 

Q  Having  your  efforts  recognized 
and  rewarded? 

Join  one  of  the  fastest  growing  health 
care  companies  In  the  United  States 
Due  to  rapid  growth,  additional  creden- 
tialed  or  credential  eligible  staff  Is  need- 
ed In  Indiana  and  Washington.  With  our 
expanding  clientele  base  additional  staff 
will  be  required  to  service  our  opera- 
tions In  other  states  £is  well. 
We  offer: 

■Promotional  and  travel  opportunities 
•Competitive  wages  and  benefits. 
^  For  a  confidential  Interview  or 
additional  recruitment  Information 
please  contact  Cindy  Dotson  at 
1-800-928-9036  Mon   Fri 

Advanced  Lifeline 
Services.  Inc. 


RC  SPORTSWEAR 


TAKE  PRIDE!  Tell  Ihe  world  ihal  you  love  being  a  RES- 
PIRATORY CARE  PROFESSIONAL  in  our  ejciiing 

shirts  designed  for  loday's  active  professional.  GREAT 
GIFT  IDEA! 

•  RESPIRATORY  CARE  PROFESSIONAL  logo  is 
BRIGHT  Pl'RPLE  and  GOLD  on  lop  quality  cotton  poly 
NAVYBU'F.shirl 

•  RESPIRATORY  THERAPY  PROFESSIONAL  logo  is 
4  color  CHROME  YELIXJW.   BLACK.  GREEN  and 
GOLD  on  top  quality  WHITE  shirt. 
9SWEATSHIKT  M.LXL  -  J25.00.  XXL  -  $27.00 
0LONGSL.TEE          M,L,XL- S20.00.  XXL  -  $22.00 
®TEE,                            M.LJCL- $15.00,  XXL -$17.00 
®L1CF>ISE  PLATE  FRAME  -    RESPIRATORY  THER- 
APIST'-$9  (X) 

®PR0F-ESSIONAL  IMPRESSIONS  color  gift  catalog  for 

Healthcare  Professionals.  $1  50  (refunded  »ilh  order). 

Prices  include  Postage  MO  residents  add  lax 

•  i%  DISCOUNT  ON  ORDERS  OF  5  OR  MORE  SHIRTS. 

•  Send  Check  A  Return  Address: 

BENWOOD  U  S  A  .  Depi  RCP 

2125  Wilderness TraiL  Bamhart.  MO63012 

VISA/MC  ORDERS  please  include  cars  No  A  expiration  dale 

PHONE/FAX:  (314)  467-1706.  Please  allow  30  days  for  ddirery. 

SATISFACTION  ClARANTEED 


NEW  YORK 


NEW  YORK 


Supervisor 
DAY  SHIFT 


Opportunity  for  a  highly  motivated,  experienced  respiratory  therapist  in  this  dynamic 
medical  center  located  on  Manhattan's  Upper  East  Side.  Assume  responsibility  for  the  day- 
to-day  operations  of  the  department,  including  staff  supervision  and  scheduling, 
assignment  of  staff  and  equipment,  and  monitoring  the  quality  assurance  program. 

The  successful  candidate  m\\  have  RRT  credentials  and  at  least  two  or  more  years  of 
supervisory  experience. 

Qualified  individuals  are  invited  to  send  your  resume  in  confidence  to  Elizabeth  Thomas, 
Recruiter,  Box  1514-RT,  The  Mount  Sinai  Medical  Center,  One  Gustave  L.  Levy  Place, 
New  York,  NY  10029-6574.  An  Equal  Opportunity  Employer. 


MOUNT  SINAI. 

TAKE  GOOD  CARE  OF  YOUR  CAREER. 


RESPIRATORY 
THERAPISTS 


Immediate  Openings  for  registered 
and  certified  thierapists  for  per  diem, 
F/T  &  P/T  shifts.  Work  available  in 
hospitals  in  N.Y.C.,  Bronx,  Brooklyn 
and  Queens.  ABG  License  A  Plus! 
♦CHOOSE  YOUR  SHIFT  * 
*PRE- SCHEDULED  ASSIGNMENTS  ^ 

S  $  EARN  TOP  DOLLAR  S  $ 


CAPIIAI  HLiALl H  SERVICES 

120  West  44th  St.  Suite,  502,  NYC 

212-869-6060 


MASSACHUSETTS 


TO  OUR  RESPIRATORY 

CARE  PRACTITIONERS 

FOR 

QUALITY  CARE 

AND 

DEDICATED 

PROFESSIONALISM 

FROM:  SLIM,  RRT  #68 

HARRJNGTON  MEMORIAL  HOSPITAL 

SOLJTHBRIDGE,  MA 


Challenge 
Yourself. 

REGISTDIED  RESPIRATORY  THERAPISTS 

When  you  join  the  professionals  al 
the  distinguished  NYU  Medical  Center, 
you'll  be  faced  with  exciting  new  oppor- 
tunities every  day.    Our  828-bed,  teach- 
ing hospital  offers  a  lot  more  than  just 
challenging  ICU  assignments  and  state- 
of-the-art  equipment,  like  extensive  staff 
developmentAnservice  trainmg,  includ- 
ing monthly  cntical  care  leaures,  case 
reviews  and  individual  workshops.  We 
also  offer  an  excellent  salary  and  benefits 
package  which  includes  four  weeks 
vacation. 

CaU  Ms.  Smgh  at  (212)  26S-6659. 
Or  send  your  resume  to  :  Human  Re- 
sources, NYU  Medical  Center,  550  First 
Ave,  NY,  NY  10016.  EOE.  M/F. 


YOU  KNOW  YOinrE  MADE  IT. 
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PA/NJ 


MARYLAND 


MARYLAND 


Explore 

New 

Horizons 

Excellent  income  potential 
for  dynamic  and  motivated 
Respiratory  Care 
Practitioners. 

Call  Today 

Respiratory 

Therapists 

tmorporaud 

3  Neshaminy  Interplex  Suite  301 
Trevose,  Pennsylvania  19053 
(215)  638-1796  •  1-800-653-1796 


PENNSYLVANIA 


RESPIRATORY 
THERAPISTS 


The  Reading  Hospital  and  Medical 
Center,  a  625-bed  teaching  facility 
located  in  Southeastern  PA,  is 
seeking  registered,  certified  or  eli- 
gible Respiratory  Therapists  to  join 
our  staff. 

Successful  candidates  will  have 
responsibilities  in  ventilator  man- 
agement and  patient  assessment 
in  the  area  of  adult  and  neonatal 
critical  care  as  well  as  routine  floor 
therapy. 

To  learn  more  about  the  opportu- 
nities that  are  currently  available 
submit  resume  to: 

Professional  Recruiter 
THE  READING 
HOSPITAL  and 
MEDICAL 
CENTER 


6th  Avenue  and 
Spruce  Street 
West  Reading,  PA 
19611 


^ 


Equal  Opportunity 
Employer  M/F/DA/ 


^ 


125     VKARS 


:^ 


\ 


A  Hospital.. 
A  Trndltion! 

Th«  BcadlriR  Hmplul     , . 
and  Mfdiol  Qewrr // 


The  University  of  Maryland  Medical  System  (UMMS),  the  primary  site 
for  Health  Care  Education  and  research,  has  Immediate  openings  for 
Respiratory  Therapists  to  work  in  our  Adult  Care  and  Pedlalrlcs/Neona- 
tal  Divisions. 

ADULT  CARE 

Primary  duties  In  surgical  areas,  Lung  Transplant,  and  Open  Heart 
Recovery.  Candidates  must  possess  superior  ICU  skills  In  patient 
evaluation,  knowledge  of  pressure-control  ventilation,  hemodynamic 
and  hemodynamic  monitoring.  Requirements  Include  obtaining  an 
RRT  within  3  years,  ICU  experience,  ACLS  Certification.  Knowledge  of 
Independent  lung  ventilation  preferred. 

PEDIATRICS/NEONATAL 

Provide  Respiratory  Care  for  Pediatrics/Neonatal  patient  populations 
while  servicing  an  acute  level  III  neonatal  ICU  with  step-down  area, 
acute-care  pediatric  ICU  with  IMC,  general-care  patient  beds  and  the 
Pediatric  Emergency  Room.  Requirement  Include  2  years  of  previous 
experience  In  a  critical  care  setting  and  strong  desire  to  learn  about 
Pedlatric/Neonatal  patient  populations.  Preference  will  be  given  to 
those  with  specialty  certlflcaUon  In  Pedlatric/Neonatal  Respiratory 
Care. 
All  Position  require  Maryland  State  License  or  eligibility. 
UMMS  offers  a  competitive  salary  and  a  comprehensive  benefits  pack- 
age. Interested  candidates  should  submit  resumes  to: 

Lorie  A.  Pater,  Recruiter 

Department  of  Human  Resources 

22  South  Greene  Street,  Box  196 

BalUmore.MD  21201 

An  Equal  Opportunity  Employer 

UNIVERSITY  OF  MARYLAND  MEDICAL  SYSTEM 


Th«  t;nl«r5ttv  o/ 
Maryland  Mnllcal 


you  MAKE  A 
DIFFERENCE! 

Thank  you  (or  all  your  hard  work 
and  dedication! 

We  appreciate  your  commitment 
^        to  excellence, 

dL  r  Saint  Joseph 

r  Hospital 

7620  York  Rd.  Towson,  MD  21204 

EOE 


VIRGINIA 


SOUTHAMPTON  MEMORIAL 
HOSPITAL 

and  the  Management  Staff 

salutes  our  Cardiopulmonary  Staff  for 
TEAMWORK  Plus! 


NORTH  CAROLINA 


Randau 
Dtucak 


1992 

Pats^ 


a/(i 


■dPerV, 


'itm 


thanko  to  a  Super  Staff 


^endei  Baley.  Brendei  VMIams.  Debret  OLpton. 

Lerry  CheeK.  Faye  Thomas  end  ChrbUe  Cook 

To  celebrate  R.C  week-we  celebrate  you! 

For  yocr  hard  work  and  extra  efforts 

Thanks.  Rich  Sullivan 


f  RANKUN  REGIONAL  MEDICAL  CENTER 
LOUISBURG  NORTH  CAROLINA 


Southampton 

\femcrialH3?)ital 


/CaeeM 


VHA 
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GEORGIA 


FLORIDA 


FLORIDA 


To  all  the  supervisors  and  employees  o( 

Northeast  Georgia  Medical  Center 

Respiratory  Care  Department 

Thank  you  for  a  wonderful  year. 
You  are  ail  a  caring  and  very 
professional  sufT,  who  show  your 
great  skill  and  empathy  for  your 
patients  whilst  deliverinc  the  highest 
quality  care  available.  I  hanks  to  all 
of  yuu  for  making  our  Respiratory 
Care  Department  the  best  working 
enWronment  in  North  Georgia. 


M      nRncisT  cEMcu 

ja  ,       MEDCJU.  CBTCT 

•V^S-.,    Gwiesrtle, W 30501 


FLORIDA 


y 
y 


\ 

X 
X 
X 
X 
X 

\ 

X 
X 
X 
X 

X 
X 
X 
X 
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How  Can  We 

Thank  You 

Enough? 

Baptist  Hospital  of  Mia- 
mi salutes  all  staff  in  res- 
piratory care,  volunteers 
and  all  those  who  provid- 
ed assistance  following 
Hurricane  Andrew. 
In  our  time  of  need  you 
were  there.  Without  your 
help  we  could  not  have 
made  it! 


Thanks  again 


^m 


BAPTIST 

HOSPITAL 

OF  MIAMI 


>»yww^ 


^ 


SUPERVISOR 

(ORLANDO  AREA) 

Join  our  dedicated  staff  of 
healthcare  professionals.  Our 
expanding  two-campus  facility 
includes  a  294-bed  hospital,  a 
new  Heart  Institute,  a  sleep  dis- 
orders unit,  a  15-bed  acute  re- 
hab unit  &  a  120-bed  Skilled 
Nursing  facility. 

RRT  with  1-3  years  of  critical 
care  experience  mandatory.  Fla 
licensure  required.  Leadership 
exp  a  plus.  Excellent  salary  & 
benefits  package  including  up 
to  5  wks.  paid  time  off,  health, 
life,  dental,  an  on-site  Wellness 
Center  and  much  more.  Please 
contact  Suzanne  Hynds,  RN  at: 

I     Q  l\ /I  ^^  Leesburg  Regional 
LrilvlVi/  Medical  Center 

Human  Resources  Dept. 

600  E.  Dixie  Ave. 

Leesburg,  FL  34748 

"i^  1-800-284-7342  /^ 


ARKANSAS 


*i 

M 
M 
M 
>i 
H 
>i 

>i 

M 
M 


M 


RESPIRATORY 
THERAPISTS 

Put  your  career  on  the  move  with 
Hospital  Therapy  Service.  Rapidly  f? 
expanding  company  needs  full  or  ►< 
part  lime  respiratory  therapists  >< 
for  all  shifts  in  Florida.  Our  ideal 
will  be  a  motivated 
the 


►<  candidate 

M  Therapist   experienced 


>4 
X 
^< 
M 

in    tne  \i 

W  Healthcare  Industry,  particularly  JJ 
►J  in  a  Long  Term  Care  facility.  Areas  ^J; 
X  available  immediately  are:  Talla-  »< 
hassee,  Ocala,  West  Palm  Beach,  \\ 
Pompano,  Ft.  Myers,  Bradenton,  ►< 
Venice,  Clearwater,  Dade  City  and  K 
Orlando.  Coverage  required  every  W 
other  weekend.  Prefer  RRT.  ** 

Please  call  ►* 


>< 

u 

>i 
*i 

\i 

M 
M 
M 
H 
►4 

H 
>i 
*i 


Carol  Tomlinson 

HOSPITAL 
THERAPY  SERVICE  \\ 


813-379-0005 


ARKANSAS 


^TT'^^^^^^^F^^^*'-^"  -T" 


We  wish  to  extend  our  ap- 
preciation to  the  dedicated 
and  caring  RESPIRATORY 
CARE  PROFESSIONALS 
At  Arkansas  Children's 
Hospital. 
(501)  320-3531 


1 

♦ 
» 

i 

B 

} 

I 

■I- 


— ^-*--*    -     -     - 


^ 


IJK^^^SV^T-ilte' J&ibOIN       TELL  A  FMEnB  --^CAN  WE  MAKE  XT  BETTER?  TELL  US! 


...^^ 


D 
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LOUISIANA 


LOUISIANA 


OHIO 


Building  for  the  future 


RESPIRATORY  THERAPISTS 

Tulane  is  a  leading  acute-care  leaching  and  referral  facility  located  in  New  Orleans. 
We  are  currently  seeking  highly  motivated  Registered  Therapists  for  our  Adult  or  Pediatric 
areas.  LA  licensure/eligibility  required. 

Our  Respiratory  Care  Department  offers  the  following: 


•  Supportive  Medical  Direction 

•  Participation  in  quality  management 

•  Research  and  teaching  opportunities 

•  Progressive  Critical  Care 

•  Physician  rounds/care  plan  development 


•  State-of-the-art  technology 

•  Adult  and  Pediatric  Heart  Transplants 

•  Neonatal  Transport  Team 

•  Code/ACLS/Intubation/Airway  Management 

•  Arterial  line  insertions 


Tulane  provides  an  »tcellent  compensation/benefits  package  along  with  relocation 
assistance  and  sign-on  bonuses. 

Qualified  candidates  submit  resume  to:  Employment 
Supervisor,  TULAM)  UNIVERSITY  MEDICAL 
CENTER  HOSPITAL  &  CLINIC,  Human  Resources 
DepL  No.  SA30,  1415  Tulane  Avenue,  New  Orleans, 
LA  701 12.  AA/EOE 


Tulane 

University 

Medical  Center 

Hospital 

Clinic 


AKRON,  OH 


Alton  Ochsner    w 
Medical  Foundation 
Proudly  Recognizes 

NATIONAL 

RESPIRATORY  CARE 

WEEK 

The  Alton  Ochsner  Medical 
Foundation  Hospital  salutes  our  staff 
of  respiratory  care  professionals  for 
tlieir  care  and  support 

These  professionals  are  an 
integral  component  of  the  quality 
health  care  team  at  Ochsner. 


LOUISIANA 


■     Salutation  for  Respiratory  "' 
Care  Practitioners 

ror  the  Comfort  and  Support  you  give  your 
patients.  For  the  smiling  reassurance  you  give 
worried  parents.  For  working  as  a  team  when 
someone  calls  in  sick.  Or  simply  when 
everything  falL  apart. 

For  continuing  your  education  and  developing 
your  skills.  For  the  pride  you  show  in  your 
profession.  For  all  that  you  are  and  yet  to 
become.  Congratulations!  Have  a  great  Day 

^SCHUMPERT 

MEDICAL  CENTEP 
IB     i.  ry^fntttr  J  tie  S.i)^n  c/ Charts ij ita ktromots  ^\btd  h^t,  Qn  Syiterr'      ■  ■ 


RISPIMTORr 

mm    CAM 

opwBTUNnm 


Summa  Health  System,  a  970-bed 
system  dedicated  to  excellence  m  pa- 
tient care,  medical  education  and  re- 
search, has  the  following  positions  avail- 
able at  Summa  Health  System. 

•  Supervisor,  Respiratory  Therapy  1 1pm 
to  7:30am  shift,  St.  Thomas  campus. 
Applicants  must  have  a  minimum  two 
years  respiratory  experience  and  be  a 
registered  therapist. 

•  Part  time  evenings  and  night  Regis- 
tered Respiratory  Therapists  or  certified 
Respiratory  Technicians  on  both  the 
Akron  City  and  St.  Thomas  campuses. 

Applicants  must  be  eligible  for  Ohio 
license.  Excellent  benefits  and  competi- 
tive salary.  Please  submit  resume  or 
apply  in  person  to:  Dept.  of  Human 
Resources,  Akron  City  Hospital,  525  Ea.st 
Market  St.,  Akron,  Ohio  44309.  Equal 
Opportunity  Employer. 


SUAdAlA 

Health  System 

Member  Hospitals: 
Akron  City  Hcapttal 
St.  IJfotttAs  Medkal  Cmta- 


To 


Fr 


o:  The  Respiratory  Care  Staff 


rom:  Your  Fellow  Staff  Menibers 
at  St.  Ann's  Hospital 

Your  hard  work  and  dedication  have  produced 
a  Respiratory  Care  Department  that  we  are 
proud  to  have  on  our  healthcare  team.  Thank 
you  for  the  dedication  that  keeps  St.  Ann's 
Mission  aJive! 

St.  Ann's  Hospital 
V(S     500  S.  Oeveland  Avenue 
WesterviUe,  Ohio  43081 
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1 1  III  II II 


MetroHealth 
Medical  Center 

Division  of  Pulmonary  Services 

CONGRATULATES 

all  their 

Respiratory  Care 

Practitioners 

for  their 

•  Dedication 

•  Commitment 

•  High  Standard  of  Care 

to  all  Patients 


lllillllllllillill 


INDIANA 


INDIANA 


Park 

Medical  Center 

GREAT 

OPPORTUNITIES 
AWAIT  YOU  AT 
-   THE  PARK. 


Backed  by  extensive 
resources  and  advanced 
capabilities.  Park  Medical 
Center  is  fast  becoming  rec- 
ognized as  one  of  the 
region's  most  progressive 
healthcare  facilities.  Today, 
we  seek  enthusiastic,  goal- 
oriented  professionals  who 
are  graduates  from  an 
AMA-approved  school  of 
respiratory  therapy,  with 
RRT  or  eligibility  or  CRTT 
status. 

In  addition  to  boasting 
the  latest  technology.  The 
Park  also  offers  a  competitive 
salary  and  top  benefits.  For 
immediate  consideration, 
please  forward  your  resume 
to:  Personnel  Department, 
Park  Medical  Center,  1492  E 
Broad  St.,  Columbus,  OH 
43205.  EOEm/f/d. 


"V;%f*^  ;r^v 


the  preferred  provider  of 

OPPORTUNITY 

People  talk.  And  the  word  is  that  ihe  premier  tieallh  care  provider  in  the  region  also 
provides  iJie  numtwr  one  career  selling  for  over  2,000  employees.  Why  Memorial  Health 
System?  Our  people  tell  us  it's  the  opportunity  to  have  a  say  in  things,  to  continue 
learning  at  the  forefront  of  medicine,  to  t)e  recognized  for  quality,  and  to  achieve  lofty 
goals.  There's  much  more  to  the  picture.  Be  part  of  it  all  as: 

•  RESPIRATORY  THERAPIST 

As  one  of  the  largest,  most  progressive  hospitals  in  Northwest  Indiana,  we  maintain  a 
dynamic  environment,  a  strong  sense  of  community,  relocation  assistance,  and  a  highly 
competitive  compensation/benefits  package. 

For  more  information  about  available  positions  call  Carol  Lyle-Ford,  Allied  Health 
Recruiter,  (219)  284-7407  or  send  resume  to:  Memorial  Hospital  of  South  Bend.  615  N. 
Michigan,  South  Bend,  IN  46601.  E<)ual  opportunity  employer. 

Memorial 


Health  System 


^w^Wi:^"(S5^  ^  "■''aigft^v^  <^^0^--  ■>  '■■■»''    ■* 


OHIO 


OHIO 


'      PULMONARY  DIAGNOSTICS 
COORDINATOR 

JOIN  THE  TEy^M-ORIE^JTED  ENVIRONMENT 

OF  ST  ANNS  HOSPITAL  A  1  80  BED 

COMMUNrPY  HOSPITAL  LOCATED  NORTH 

OF  COLUMBUS.  IN  A  BEAUTIFUL 

SUBURBAN  SETTING  WE  SEEK  A 

REGISTERED  RESPIRATORY  CARE 

PROFESSIONAL  TO  MANAGE  ALL 

FUNaiONS  INVOLVED  WITH  OUR  BUSY 

PULMONARY  DIAGNOSTICS  LABORATORY 

POSITION  RESPONSIBILITIES  WILL  INCLUDE 

PULMONARY  FUNCTION  TESTING, 

BRONCHOSCOPY  ASSISTANCE  AND 

ABG  LAB 

ST  ANNS  HOSPITAL  OFFERS  A 

COMPETITIVE  SALARY  COMPREHENSIVE 

BENEFITS  AND  A  SUPPORTIVE 

WORK  ENVIRONMENT 

INTERESTED  CANDIDATES 
PLEASE  SEND  RESUME  TO 


1% 


HUMAN  RESOURCES  DEPARTMENT 
500  S.  CLEVELAND  AVENUE 
WESTERVILLE,  OHIO  43081 

EOE 


Thanks !!! 

To  the  Respiratory  Therapy 
Section  of  the  Pulmonary 
and  Critical  Care  Medicine 
Department  at  the 
Qeveland  Clinic 
Foundation. 

Your  dedication  and 
efforts  to  provide  the  best 
possible  respiratory  care 
to  the  patients  we  serve  is 
greatly  appreciated!! 

Keep  up  the  0reat  Work!!! 


I 

J 


.' 


M 
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Respiratory  Therapists 


$1,000.  Sign  On  Bonus 

Respirator)  Therapists 
$1,000  Sign  On  Bonus 

We  are  a  highly  motivated  healthcare  organi- 
zation, seeking  equally  motivated  &  creden- 
tialed  Respiratory  Care  Practitioners.  Our  ra- 
pidly expanding  organization  ha5  what  talent- 
ed therapists  are  looking  for: 

•  Proven  Track  Record  for  Career  Ad- 
vancement Opportunities 

•  401K  Retirement  Plan 

•  Comprehensive  Insurance  Package 

•  Competitive  Wage  and  Salary  Program 

Management  opportunities,  as  well  as  Full- 
time, Part-time  and  shift  positions  are  avail- 
able throughout  Indiana,  including: 

•  Carmel  •  Hanover  •  Indianapolis  • 

Michigan  City  •  Munster  •  New  Castle  • 

Richmond  •  ShelbyvUle  •  Wabash 

Winchester 

Join  our  team  today!  Contact  Sharon  Lewis  at: 
1-800-999-3277,  Monday  Uirougli  Friday 


Advanced  Care  Medicine,  Inc. 


A  subsidiary  of  Continental  Medical  Services,  Inc. 
An  Equal  Opportunity  Employer 


Vhyi^' 


V 


$  1 ,000  Sign-On  Bonus 


CERTIFIED 
RESPIRATORY 
TECHNICIAN 

Our  hospital  has  full  time  positions  for 
Respiratory  Technicians  on  2nd  and  3rd  shifts, 
including  every  other  weekend.  Salary  based 
on  experience,  excellent  benefit  package  plus 
$1 ,000  sign-on  bonus. 

App^y  or  s«nd  rewjm*  with  cover  letter  lo: 
Human  Rejourtes  Depr. 

.^^^.feckson  Countv 
i^^iSchnedc 

Memorial  Hospital 

300  S.  Walnut  St. 
Ssymour.  IN  47274 


KANSAS 


KANSAS 


RESPIRATORY  CARE 
PRACTITIONERS 


Ikil 


Aibury-Salina  Regiond  Medical  Center,  21 2-bed  ocute  care  regional  referrd  medicd  center,  is  seeking 
qudified  professionals  to  join  our  team.  Minimum  qualifications  indude  RRT/CRTT  or  eligible. 
Our  Department,  recently  relocated  into  the  medical  center's  $20  million  expansion,  performs 
PCIRV,  surfoctant  replacement  therapy  and  through  our  new  'state-of-the-arf   Pulmonary 
Physiology  laboratory,  metabdic  nutritional  studies. 

Salina,  a  1 989  All-American  City  of  40,000+,  is  centrally  k>cated  with  clean  air,  excellent  schools, 
and  a  brge  array  of  cultural,  recreational  and  athletic  acHvities  and  facilities.  For  more 
information  or  to  apply,  contact; 

ASBURY-SALINA  REGIONAL  MEDICAL  CENTER 


^111 


PERSONNEL  DEPARTMENT 
400  SOUTH  SANTA  FE 
SALINA.  KS  67401 
(913)826-3154 


RESPIRATORY  THERAI'ISTS/TEAM  LEADER 
RESPIRATORY  THERAPISTS 

Positions  now  available  at  the  University  of  Kansas  Medical  Center,  a  tertiary  care  hospital  with  8 
ICUs,  excellent  benefits,  competitive  salaries,  and  a  comprehensive  staff  development  program. 
New  improved  salary  schedule.  Assistance  with  NBRC  exams  and  continuing  education  in 
Pediatric  and  Adult  Critical  Care  Course.  Kansas  City  is  truly  a  "livable  city"  with  the  activities 
and  opportunities  of  a  metropoUtan  city,  and  the  atmosphere  of  a  friendly,  small  town.  To  apply  call 
913-588-3335  or  send  resume  to  Homer  Rodriguez,  Director  of  Respiratory  Care,  5040  DELP 
Bldg.,  39th  and  Rainbow  BlvdJCansas  City,  Kansas  66160-7109. 


Tho  University  of 
AN  EQUAL  OPPORTUNITY  AFFIRMATIVE  AOION  EMPIOYER 


CongraluiaHons  h>  fhe  great  Respiratory 
Care  Skiff  a\  Lawrence  Memorial  Hospital, 
LawretKe,  Kansas.  Bret  Casper,  RRT  was 
tKimed  'Employee  of  tlie  Year.  We're  look- 
ing forward  lo  another  great  year! 


ILLINOIS 


» smrra  CHICAGO  f  YiMMitNiTy  HosnptTAiri ;! 


MICHIGAN 


Y  TO  THE  STAFF  OF  THE  RESPIRATORY 
CARE  DEPARTMENT  DETROIT 
RIVERVIEW  HOSPITAL 

For  your  constant  dedication  to  the  highest 
standards  of  patient  care  and  your  outstanding 
commitment  and  dedication  to  tfie  needs  of  ttie 
department;  we  wish  to  express  our  sincerest 
thanks  and  congratulations  on  a  job  well  done. 

^-^^  Respiratory  Care  Management 
\_^  Detroit  Rlverview  Hospital 


CONGRATULATIONS 

To  the  RESPIRATORY  CARE 
PRACTITIONERS  at  SOUTH 
CHICAGO  COMMUNITY  HOS- 
PITAL, who  meet  the  challenges  of 
their  career  everyday  with  Dignity, 
Humor,  and  Grace. 

From  Respiratory  Management 
and  Administration  at  SCCH 

G3  EHS  BRINGING     THE_,tBE8T 


V  ^twrra  esiiCAGO  cwviMtJNrry  ao$mAL  jsg 


To:  Riverview  Hospital 

Respiratory  Care  Practitioners 

Congratulations  for  the 
recognition  you  well  deserve 
during  "Respiratory  Care 
Week." 
Thank  Youll 

From:  Director  of  Respiratory  Care  and 
{^  Administration 


.  Riverview  Hospital 


Call  (214)  243-2272 

For  a  Membership 

Application 


at  the  AARC  Annual  Meeting 

December  12-15 

in  San  Antonio,  TX 
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TEXAS 


TEXAS 


St.  Luke's  offers  Respiratory  Therapists  like  Mayo  the  opportunity  to  work 
more  closely  with  doctors.  As  Mayo  says,  "Everybody  on  the  team,  including 

the  doctors,  operates  on  the  same  level  with  the  same  goal  of  heln- 

"  'Pi 

ing  the  patient  get  better.  I've  been  here  five  years;  there's  no  I      1 

better  place  to  build  a  career  than  St.  Luke's."  Cy  L|j|/p'5 

Episcopjl  Hospitjl 

Step  up  to  the  hcnetits  of  working  at  St.  Luke's  in  Houston's  Texas  Medical  Center. 

Call  collect  (7n)791-3995  or  send  your  resume  to  our  Employment  Office  (4-293), 

P.O.  Box  20269,  Houston.Texas  77225-0269. 

Congratulations  on  Respiratory  Week  to"The  Wean  Team". Thanks  for  a  job  well  done. 

An  Equal  Opponunity  Employer,  M/f/H/V  Non-smoKers  prelerred. 


Critical  Care 
Respiratory 

Therapists 


Due  to  recent  department 
restructuring,  we  now  have 
opportunities  for  Registered 
Respiratory  Therapists  with 
Critical  Care  experience, 
(pediatric  experience . 
preferred). 

Growth  opportunities 
include  specialization  in  ECMO 
and  HFOV.  Full  time,  8-hour 
shifts,  Monday  through  Friday 
(no  weekends).  For  more 
information  and  appointment, 
please  call  the  Allied  Health 
Recruiter  at  214/640-2163  or 
1-800-S52-0982. 


^ 


Children's 

MEDICAL  CENTER  OF  DALIAS 

1935  Moor  area  ■  Dallas,  Taos  75J35 .  SM)  92(M000 

Equal  Opportunity  Employer  M/F/D 


Ic  tic  -pU^  cl  ^i/ijJa*Xo^ 

I  ^ant  fo  thank  each  and  every 
one  of  you  for  your  hard  work, 
professionalism,  perseverance, 
and  support  throughout  the  past 

year.  Only  ttirough  teamwork  and  trust 
in  each  otfiers  abilities  hove  our  efforts 
been  successful.  Respiratory  Care  Week 
is  a  time  when  we  celebrate  our 
profession  and  eoch  other.  I  \A^ant  you 
and  all  of  Respiratory  Care  to 
know  how  highly  I  think  of  you 
and  how  much  you  are 
appreciated. 

John  D.  Kimble  Jr.  RRT.  RCP 
Director  -  Respiratory  Care  Services 

SCOTT  &  WHITE 

2J01  Sou<<31USr>«> 
fcmph  TX  7d50e    tot 


.nnnnn^n'»>n>v»»3 

,  For  all  your  hard  worK  and 
,  dedication, 

TC/e  7/(aH4  '^ 

Joan  Qo(xlpa.stuneDlrector-RRT , 

Dan  Uoward-Manafier-RKT 

Dan  Ma.sli  CRTT 

Brenda  Coen  CRTT 

Donna  Coo[>erRCP , 

Stilrley  Summers-RCP 


Harris  Methodist 
Northwest 


H 
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Respiratory  Care  Supervisors 

Are  you  looking  for  an  opportunity  to  exercise  your  managerial  expertise  in  a 
teaching  pediatric  facility?  Some  attributes  that  set  these  positions  apart  from 
others  are: 

•  No  expectation  to  carry  a  patient  load 

•  On-going  in-house  management  development 

•  Involved  with  short  and  long  term  planning 

•  Management  development  of  ICU  team  leaders 
and  lead  therapists  in  Acute  Care 

•  Management  of  staffing  and  operations  of  the  Emergency  Referral 
Center.  ICU,  and  Acute  Care  areas 

•  Non-salaried,  with  overtime  available 

•  Up  to  $18.55  an  hour  (depending  on  experience) 

Registered  Therapist  with  management  experience  can  contact  the  Allied 
Health  Recruiter  at  214/640-2163  or  1-800-852-0982  for  further  information  and 
appointment 


^ 


cn/ldren's 

MEDICAL  CENTER  OF  DALLAS 

1935  Motor  Street  .Dallas,  Texas  75235  •  (214)  920-2000 

Equal  Opportunity  Employer  M/F/D 


The  Administration  &  Respiratory  Care 

Management  Team 

QakteQ 

THE  HIGH  PLAINS  BAPTIST  HOSPITAL 

RESPIRATORY  CARE  TEAM 

on  a  job  well  done! 

High  Plains  Baptist  Hospital 

Amarillo,  Texas 

ce^eb/iati'hg... 

NATIONAL  RESPIRATORY  CARE  WEEK 

October  4-10,  1992 

RESPIRATORY  CARE.. .CARES! 


WASHINGTON 


to  Our  Therapists  Who  Cotitinu- 
-*•  ally  Live   Up    To   Our  Hospital 
Motto!  Working  Together  To  Make  A 
Healthier  "Community" 

Community  Memorial  Hospital 

Enurnclatv  Washington 

Thanks  You. 


EARN  CONTINUING 
RESPIRATORY  CARE 
EDUCATION  CREDIT 
WITH  AARC 
VIDEOCONFERENCES 

CALL  ai4)  830-0061 


MONTANA 


SUPERVISOR 
RESPIRATORY  CARE 

Graduate  of  2  year  school,  Respira- 
tory Care.  Bachelor  Degree  In 
Health  Care  Administration,  Busi- 
ness Administration,  or  Respira- 
tory Therapy  preferred.  Registered 
Respiratory  Therapist,  5  years  clini- 
cal experience  in  advanced  Respi- 
ratory Care,  2-3  years  supervisory 
experience  required. 

For  more  information,  call 
Human  Resources: 

•       1406)444-2119 

II    COMMUNITY    HOSPITAL 
2475  Broadway 
HcJcna,  MT  5960! 


To  our  Respirator}'  Care  Staff, 

Thank  You! 

For  your  hard  work, 

dedication,  and  commitment 

to  patient  care 

Saint  Vincent  Hospital 
and  Health  Center 

Billings,  Montana 


CALIFORNIA 


THANKS! 


To  all  of  our  RESPI- 
RATORY CARE 
PRACTITIONERS 
for  their  contribu- 
tions as  valuable 
health  care  team  members  at 
our  hospital  ^V 

SAN  JOSE 
MEDICAL 
CENTER 

S.^N  <OSf.  CAUI  OHNIA 
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TEXAS 


TEXAS 


Respiratory  Care 

Registered/Registry 

Eligible  Night  Shift  (M-F) 

The  Respiratory  Care  Department  is  accepting  applications  for  staff  positions  in 
its  Acute  Care  areas.  Responsibilities  will  include  involvement  in  the  Bone  Marrow 
Unit,  Cardiac  Care,  Liver  Transplantation,  ventilator  management,  and  PRN  rotation 
in  the  Critical  Care  and  Emergency  Referral  Center  areas.  Lead  therapists  opportu- 
nities available: 

•  Up  to  $16.96  an  hour  (depending  on  experience  and  credentials) 

•  Wide  variety  of  Ln-house  CEU's  offered 

•  No  weekends 

•  Overtime  options  available 

•  Additional  salary  credits  for  pediatric  experience. 

For  more  information  and  appointment,  please  contact  the  Allied  Health  Recruiter 
at  214/640-2163  or  l-80(>852-0982. 


hi 


ctTldren's 

MEDICAL  CENTER  OF  DALU\S 

1936  Moltx  Street  •  Dallas.  Texas  75Z35  ■  (2M)  92(«lXX3 

Equal  Opportunity  Employer  M/F/D 


Jbe  Latest  On 

ARDS 

ARDS  Review:  1990 
By  Tony  Dal  Nogare^  MD 

ARDS  wos  onginoiiy  described  m 
1967  and  has  since  undefgone 
much  scaitiny.  This  reviev^/  of  ARDS 
in  1990  discusses  the  lotest 
developments  in  risk  factors  and 
treatment.  Also  covers  the  5 
diagnostic  criterio  that  must  be 
present  to  make  an  accurate 
diagnosis  of  ARDS,  including 
clinical,  rodiogrophic,  and 
physiologic  criteria. 

ltemVT31  —VHS  (60  minutes) 

S35  (Nonmember  S40).  Add  S3  for  shipping. 

Call  (214)  243-2272  or 

FAX  your  order  to  (214)  484-6010 

American  Association 
for  Respii^tory  Care 

1 1030  Abies  l.n..  I),.llav  T.\  ^^22M4^^)^ 


GET  THE 

RECOGNITION 

\0\JDESERVE 


Work  with  your  hospital 

public  relations  department 

to  get  the  recognition  you 

deserve.  Keep  them 

informed  of  your 

department's  activities  and 

personnel  changes.  If  your 

PR  department  doesn't 

know  about  your  recent 

promotion  or  your 

department's  expansion  of 

sen'ices,  they  certainly  can't 

write  an  article  about  it  for 

the  hospital  publication  or 

local  news. 


PUBLIC  RELATIONS 
BEGIN  WITH  YOU 


A\tERIC,\NAsSOCIATIO\  FOR 
ReSPIR.\TORY  CfKRE 

11030  Abies  Lane 

Dallas,  TX  75229-4593 

(214)  243-2272 


Learn  What 

Not  To  Do 

With  A 

COPD  Patient 


The  Hospitalized 

COPD  Patient:  10 

Commandments  for 

the  Clinician  —  By 

David  J.  Pierson,  MD. 

Takes  you  inside  the 

decision-making  process 

of  caring  for  a 

respiratory  care  patient 

with  chronic  obstructive 

pulmonarv'  disease. 

Details  the  "10 

commandments"  for  the 

chnician  to  follow  when 

encountering  the  10 

most  serious  problems 

the  COPD  patient  can 

present  to  the  hospital. 

Emphasis  will  focus  on 

the  "what-not-to-do." 

Item  VT29  —  VHS 

(60  minutes) 

$40  (Member  $35) 

Add  $3  for  shipping. 

Call 

(214)  243-2272 

or  FAX  Your  Order  to 

(214)  484-2720 


American  Association 
for  Respiratory  Care 

11030  Abies  Lane 
Dallas,  TX 
75229-4593 


RE.SPIRATORY  CARE  •  OCTOBER  '92  Vol  37  No  10 


A  Commitment  To  Quality  Health  Care 


^^f\^ 


MO^-^ 


C 


s^^ 


Put  Today's  Technology  Aiid  Health  Care 
Practices  Into  Action  Efficiently  Wth  The 
Inifomi  Reporting  ManuaK  3rd  Edition 


Item  BKl 

$85  Ea 

(Member  $65) 


The  I  nifnrin  Reporting  Mamial  pro%"ides  von  with  nationallv 
ri-cosiiizfd  siandiird?  for  documenting  workload  units  anil  time 
standards. 

•  Patient  Assessment  Acti\ilies 

•  Brnncliial  Hygiene 

•  Su]>|)lemental  Oxygen 

•  Airwav  C^are 

•  Diagnostic  Tests 

•  Cardiovascular  Diagnostics 


In  addition,  there  are  chapters  on  "Clinical  A(ii\itie>  \\  iilmul   1  inw  Siamlard    an<l 
■'Management  Su[i|  ion  Activities ."  H\  tin-  A  \H(  1.  l'''H).  u|i(laie(l  ]'»')!.  Binder.  123  pages. 


The  0\LY  Single  Source  Of  CGA,  I\FPA, 
And  DOT  Regulations 

Respiniton'  Home  (die  L(/iiipnieiil  e\(hisi\el\  covers  iiome  care 
equipment  with  praiiical  appliiaiions  and  charts  on  oxygen 
concentrators.  lii|viid  units,  air  compressors,  and  home  care 
ventilators.  .\n  invahialile  hook  lnr  the  home  care  praclilioner 
and  equipment  teclmician. 


Item  Bk7 

$18  Ea 

(Mem  her  $15) 


•  Description  of  home  care  devices. 

•  Cleaning.  <lisinfecting.  and  monitoring  procedure^  to  minimize  infection. 

•  (Guides  for  educating  staff  on  equipment,  therapy,  patient  assessment,  and  safely. 

•  Procedures  for  gas  administration  and  monitoring  de\ices.  hmnidifiers  and  nebulizers, 
artificial  airwavs  and  resuscitators,  respirators,  and  ventilators. 

Bv  Steven  P.  McPherson.  Hardcover.  192  pages.  l4l  illustrations.  0  lahles. 


Researchers: 
If  you  only  buy 
one  book  this 

year,  buy 
Fundamentals 
of  Resplratoiy 
Care  Research 


riiii(l(iiiieiilfil.i  ofl{es/)iriil(irv 
('(ire  liesciirrli.  you  will 


lorlaiue  ol  re.-.earcM  lo  IMi 


iios.sess  Hie  hasK 


research  elToils. 


lis  slcp-l)y-slep 


|)roci-ss  ofcoiuhiciiiig  a  siiidv. 
By  RoImi-I  I..  Chalhurn.  BRT. 
andkei.  C.Craig.  BA.  WWW 
.'{?()  pages. 

ItcmBKS 

$29.95  Ea 

(Member  $26.95) 
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Maximize  Your  RC  Knowledge  With  Independent'ii 


Individual 
Independent  Study 
Packages  help  you 
nuLiimize  your 
knowledge  of 
respiratory  care. 
Select  from  31 
different  packages 
in  Smoking 
Cessation,      t 
Clinical  Science, 
Patient 
Evaluation,  and 
Clinical  Practice. 
Choose  from  the 
following  lint  or 
order  the  entire 
set  and  .save  10% 
off  individual 
prices. 

Your  Best  Buy  Is  A 
Complete  Set  Of 

31  at 
$230.40 

(hem  CPtO) 

Save  Over 


Clinical  Science 


IPIHTinrRroiHliodilalors: 
S^mpulhuniimrlk*  Amines 

I  iuli'r>iaii<l  llif  rt'siih-.  nl  -liiunhiiini:  tlic  niitoiioiitir 
iirnoiij.  sysiem  ;iii(l  lln-  u>r  iif  s\[n[tii[ln)miinrtH-  linijis  to 
uccninplish  l)ronrliiMliI;iiiori.  Kxpnscs  vou  to  basic  aspt'cls 
of  atircncrgic  lironrlnMlilaiors  and  tlic  palicm  situations 
for  wliiili  tlir-\  iin-  iii(ilr;i1('«l 

KcniCSU  — SIOEa 


I rnVTIh:  nnuirhodilators:  Calriilalioii  and 
IVparalion  ol' Kospiralon  Medications 

1 1  Ml  III  -  \iiN  liiiw  1m  I  alriiliHi-  iiiiil  jin|..itr  |i.n  ciilimc 
-oliiiinii-.,  raiioEi  Miliiliims.  ^oIiition<  pn-jiared  from  -oliiti's 
|f>-  llian  100  pi-rr  (-III  i[i  -irt'iii'ili.  and  h(tw  ro  pn-parr 
(iosages  Irniii  powdrii-d  druL'- 


UemCSIb  — SlOEa 


(lassificalion  nf  >lerhaniral  \entilalors  I 

Ollllill.--  ihr  |.,|~|.    .[.(.  ..(  xriiliLiIni    .  Li-lfl.  .11 1.  ui  :iild 

a  luatlu'niaiical  niodi-l  of  iln-  ropiraton  svslcni  iliat 
provides  the  l)a>i^  for  clussifying  vriililalnr  control 
•-y--UMii>.  Also  Iraclies  the  sprrifir  mteria  for  determining 
whrilicr  a  ventilator  pntnarily  controls  pressure,  volume. 
oi  flow  . 

Item  rS18  — SlOEa 


(Jassini-alion  onieihaniial  \entilaloi>  II 

^  oil  will  li-ani  di-tailt'd  inlnnnalion  :il»>uT  lln-  <  uoiiol  <>| 
\rinilation  in  irrin>  of  >w  in  liiiii;  from  m-piiaiioii  lo 
expiration.  Vou  will  also  lie  introduced  to  the  cominoii 
drive  mechanisms  ii>,ed  in  vari<>n>.  mechanical  <levices. 

Item  CSl  9  — SlOEa 


(JassilK-allon  onhnlianiral  \eniilal4»i\  III 

l,.\plorr>  the  oiKpui  wa\clorms  that  \entiluttirs  produce 
and  ilieir  clinical  iniplii-aiioti^.  Instructs  in  the  vainons 
modes  of  ventilation  in  term>  of  ilie  specific  comluruirion- 
<if  control  characteristics  ahiiig  with  vemilator 
performance  t<-siirii;  and  the  practical  application  nf 
\enlilator  cla>sincatiori. 

Item  (:S20  — SlOEa 


\enlilation/Pertnsion  ICelafionships 
ill  llealili  and  Disease 

(:o\cr>  the  diffi-nni  dtL'ircs  >A  li\p()\ia  commonlv 
eiMomUeretl  in  paliiiil>  with  pnlTni>nar\  di:»ea^e,  Kix-uses 
on  M-ntilaiion/pei fusion  alinormalitie>..  which  account  for 
much  of  die  >evrn-  li\po\ia  in  ( lOlM).  with  alveolar 
h\p.>\.iililali<>ri  aKu  a  nuiiriliulm;:  factor. 

hem  (:S2 1— SlOEa 


Tnnispninionan  Pressure 
<  lian<^es  in  l{n'alliin<:; 

I)isru-..>e>  the  piiliiHMiary  pressures  an<l  how  iliev  van' 
diiriuL'  normal  lireatinn*:  and  in  special  siluniions. 
In"-irnct>  on  huromeiric.  alveolar,  intrapleural, 
tiarispulmonary.  cliest  wall,  and  (ranstlioracic  piilmoiiar\ 
pre— ■nres. 

linn  t  S.")  — S6Ea 


Kesisianre  lo  >entilalion: 
A  Seeoiid  look  at  Pulnnniar) 
(ioniplianee  and  Kesisianee 

Assist.-  you  111  iiii.ii  i-i.iii.liiii;  ili.  piiliii.iiiar\ 
characteristics  of  compliance  and  resistance,  how 
these  characleristics  can  chaniie.  and  their  influenc 
on  mechanical  \t-ntilainr  performance. 

ItemCSb  — STEa 


Praefieal  Applieation  of  Gas  Laws 

.■\  conMnnii--rM-.-  .i|.|.iiM.  h  ii>  thf  i:.i-  law^  and  Imw 
to  apply  them  t<i  ri->piraiorA  care.  Delines  the  law > 
of  Royle.  Charles.  Gay-Lussac.  Dalion.  Graham,  and 
llenrv. 

Item  CS:  —  S8  Ea 

Tonirih  of  Solutions  and 
the  Kespirdlor>  Tract 

Give>  you  an  iiiidtr-laiidiiiL'  "I  how  i<>  predict  the 
effects  of  therapeutic  solutions  on  the  respirator^' 
tract  and  how  to  utilize  liieni  iii  the  treatment  of 
various  respiraiiin  tract  patholoiries. 

hemtSS  — S6Ea 


( arhon  >lono\ide  Inhalation: 

Introduction  to  IMnsiolo<.^ir  EITeels 

and  Kespirator)  Management 

Kxplaius  die  effi-cis  c»f  carhon  uioiin\idi-  uilialaiion 
on  ox\i:en  transport  meelianism>  in  the  hodv  and 
the  use  of  GO  in  physiologie  tests  of  pulmonarx 
fimciion.  .Also  covers  recojinjiiou  siinis  and 
syinpioms  and  treatment  <>f  GO  poisoning  atui  the 
e(|ui[)ment  used  to  administer  therapy. 

Itrtnfso  — STEa 

rieetriral  Sal'et)  in  Respirators 
iherap>  I:  Kasie  Lleetrieal  ( inuilri 

l-.nahh's  you  to  relate  the  hasic  principles  of 
eleetrical  ihettrx  to  cornmouK  used  eijuipmeni  and 
procedures  In  the  clinical  eiiviroiiincnt.  and  pmvide- 
you  with  an  understanding  of  elecirical  safety  in 
respirat<tn  can-. 

ItemtSl-J  — S6Ea 

EhTtriral  Siilet>  in  lU^piraton  llienip) 
II:  IdentifH-sidon  ofEhrtrieal  lla/iuirfs 

I  hip-  \iMi  id<  iiiih  and.  u  In  n    p..--i|i|.'.  mmmii/r  ui 
eliminate  comumn  eh-rtrical  hazards.  1  caches 
diffi-n-ntiation  hetwc-en  ele4'trical  hazards  and  which 
patirnis  and  Im-piial  pir-iimn-l  an-  exposed. 

llemCSI.J  — S(»Ea 


Mirn>hioloi.7  lor  Kespiralon  llienip;*: 

V  IGe>ien  ot Mirrohial  t.ronih 

and  (imss-Contaniination 

Plo\idr-  an  ii\ii\iru  ut  nm  ii.liinliwv   ni  !■  -pilaIor^ 
care,  including  groups  and  characlerislic^  of 
microhes.  requirements  for  microhial  growih.  cross- 
contamination,  and  pre\eiiti(ni  of  iransmissjon. 


I 


lUiiiCSi:  — S9Ka 
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tudy  ?acka^ee 


Patient  Evaluation 

Piiliiionan  I  iiiirli«»n  \>si'ssmciil  I: 
Ba^ic  StTt»enin*j  Sludit> 

l!ii<lrr>taiul  ;>iin|jic  spiroiuclrv  ii'siili?.  iln*  (iclinition  mI 
obsirucrive  and  restririhe  piilinnnan  (ii>iirilt*r>.  ami 
llif  lijisit'  |>atlu)loii\  iiivolvfd  in  <';icli.  (ioxer^  tlic  foiii 
reo>oii>  for  simple  j.pirntneln  U'-is.  ilie  miiunon 
parameters  of  luiiii  fumlioii.  ami  llie  resiill>  that  an 
indicative  of  oltsiniciive  and  restrictive  pnlnionar\ 

di-<>--  ItemPF^-SJiKa 

Tulmonan  I  iinrtion  \ssessmriil  II: 
Bedside  Studies 

|-aniilianzr-  \nu  w  iili  riit-  n-r  ;hi«I  iiiit'iprriaiiMii  ul 
bed>idi'  [:iiilm(iiiar\  iimciiim  ir^is.  I. earn  linu 
pnlmoiian  function  tt>i  rr?ull>  arc  u^eil  to  a^^e^^ 
\cniilaic»r\  ahilitv  and  w  liich  loir'  are  <'onunoiiIv  used. 
\\>it.  learn  the  mca^mniiir  insinimeiit  retpiircd  for  eacli 
icsi.  how  it  is  prrfonni-d.  ami  w  hat  i>  ^iiinificani  alumi 
llic  results.  ,  „,-  ,  ^^  r 

hrin  VYA  —  S7  ta 

Puliiionan  I  iindion  Assi»«nient  III: 

l.iin«^>oiiiiiu'  Delenninalioii  and 

(losing  \olunie  Studies 

\xsi>t^  in  (he  recall  of  the  eight  -.nhdiN  ision>  cif  total 
luut:  \olnine  antl  their  in4h\idual  characteri-tics  in 
heuhii  and  disease.  Dis<Misses  the  measurement  ()f  huig 
volume  by  uiiroj!en  wa-^hout.  Iieliuin  diluticm.  and 
dnsiui;  vohnne  trthiiHjiir- 

hem  Pt:.)  —  S(»  \a\ 
Bod>  Ple(h>Mno<niiph> 

Explain^  thr  tlnim  m|  ImhK  p!ri!i\ -uioiiraphv  and  it-< 
u>e  in  the  [nea>uremeiii  of  [-H( !  atid  aii^wav  resistance. 
Defines  and  de>cribe>  Bovle  >  Law.  thoracic  \ ohnni-. 
ainxav  resistance  ami  its  normal  values,  anil  the 
measurement  of  airw a\  rr-sj~tanie. 

IU-mPK6  — SOEa 

SouRTs  olFrTor  in  (he  llelemiinalion 
of  Blood  (>as  \alues  and  pll 

Familiari/i's  \t>ii  mih  thf  errors  iluii  [na\  occur  in  (he 
analysis  of  Idood  gases  aiul  pH.  These  are  often  the 
most  important  laboraton"  data  used  in  the  diagnosis 
ami  treatment  of  pulmonar\  disease,  and  errors  in  these 
vahif>  can  i"e-.nlt  in  deleterious  effects  on  palifTU  rare. 

Item  PET  — SlOEa 

TemperaUin'  Vdjuslnienl  of 
Blood  {f'd^^s  and  pll 

leaches  you  the  effei-ts  of  ahuontial  bodx  leiuperainre 
on  blood  gas  and  pi  I  \alues.  Blood  ga^  \ahies  and  pi  I 
are  detennined  at  -C  degrees  Olsius,  an<l  this  package 
leaches  vou  how  to  adjust  these  values. 

hem  PER  — SlOEa 

Measiin^menl  of  Sialic  ( omplianee'^ 

and  Ihiianiir  (  haraeterisiies  I  unes 

During  Mechanieal  \entilalion 

l.eani  how  to  compute  and  rn  unl  ~iaiii    .  .  mipliance 
cnr\es  and  <l\naiuic  chaiacterisiics.  And.  learn  to 
des»'ribe  the  proiedure  «i|  obtaining  pressnre-vohune 
measurements  and  interjirei  the  compliance 
characlerisiio  mea^un-triem- 

hem  PE9  —  S:  Ea 
Vrterial  Blood  (>as  Inlerpn^lalion 

I  eache-s  \ou  .MKi  ilHer[Mclalioii  in  iii\\i-v  liial  the 
prescribet]  llierapv  ('an  be  atliuinislered  in  a  knowledge;d>le 
m;mner.  Descrilies  a  s\steniatic  method  that  allows  \oii  to 
com-ctly  (•las^ify  ihe  acid/l)ase  dvsruncrion  atid  lo  relate 
the  diasuosis  conciselv  and  cohen'ntK . 

KeniPKlO  — SIOKa 


Clinical  Practice 

1?I)AH:d:  ilwsi  TuIm's  and  PIrurdI  Urainage 

Help-  MM]  uudei-iaiid  the  purpn-.f  o|  plcin.il  drauiage. 
how  it  might  affect  the  patient  s  respirator)'  status,  and 
what  piecantions  vou  nutst  take  when  working  with 
patients  who  are  receixini:  pleural  drainage. 

hem  (:P3  — SlOEa 

Trarheal  Inlubalion  I:  Ipper  Unvav 
Anatomy  and  t>oals  ol'  Inlubalion 

After  couipleiiMi:  ihl-  IISP.  \ou  will  inidt  r -l^oid  llie 
rationale  lor  traiheal  intubation  ami  be  able  lo  idemifv 
the  iiuporlaiu  landmarks  <it  upper  aii-wav  anatomv. 

hemrP4  — S6Ea 
TraeheaJ  inlubad(»n  B:  Roules  of  IntubaUon 

Dr'cril"--  llie  iuur  imiie^  of  irarlie;il  uilubalinii-.  and 
souie  ad\aiUagcs  and  hazards  oi  oa*  h.  Abo  prcsculs  tin- 
process  for  selecliiis  the  most  suitable  route  in  a  given 

*""""""  l(emCP5-S6Ea 

Tracheal  Inlubalion  III:  rqulpnieni 
Procedures  lor  Inlubalion 

(.o\<T^  the  -election  o|  iln'  piciper  einnpment  ne<-4'ssaiT 
to  perform  endotracheal  intubation  and  tti  ensure  that 
thev  are  in  working  order 

IlemCPO  — $8Ea 

Respiralor>  Manii<£enienl  of 
XeununuNCular  (irisis 

leaches  respiratory  iiiaiiagenieiii  ol  patients  with 
veutitator\'  failure  caused  b\  a  neuroums<"ular  ilisorder. 
Pro\  ides  a  basic  nndersiaiiding  iif  buw  neiiromusi'ular 
conditions  lead  to  \einilator\"  iiisuffii'ienc\  and  tin- 
considerations  lo  be  taken  when  wDrkiui:  with  these 


paliiMils 


Kom  (Pr  —  S:  Ka 


IPDATED:  R«spinU»n  Manjifj«iii<'nl 
»t  I  luiH  Ik  >t 

This  slnd\  paekaL'e  help-  \oii  inert  a-i-  \niir 
iimlcrsianding  of  the  pathojilivsjologv  of  flail  ibe-i  jmrl 
the  respiratijn  iiianai^ement  of  patient-  who  lia\e 
sustained  che-t  w  all  itaunia  ihat  ti-nlt-  in  a  Hail  chest. 

Kenil  pa  — SlOEa 
KtNpiralon  Mtuici«j[(*inenl  of  Head  Irauina 

leaches  identifii-ation  ol  the  fi\e  physical  signs 
indicative  of  head  trauma  and  explains  the 
de\elopment  of  respiranin."  failure  secondary-  to  trauma. 
Also  discusses  airway  management,  drug  therapy. 
\eulilator  parameters,  acid-base  status,  ami  measures 
to  be  taken  to  maintain  the  appropriate  pi  1.  P-j(^:()   and 

''"":;  Hem  CP9  —  S?  Ea 


Smoking 
Cessation 

Mcotine  Dependency 

Evaluation  and 

Trealmenl 


|)livsiol(tj;ic  effects  of  nicoliii 
and  (he  lesls  and  <nieslions 


iiieoline.  lis  elleels  on  hrii 


chernislrv.  lis  nieasi: 


hodilv  fluids,  and  xaliie  of 
self-lesis  lo  deleniiine 
arldiclion  level.  Also  leaelies 


Item  SCI  — $10  Ea 


Bedside  Counseling 

of  the  Hospitalized 

Smoker 

Prepares  you  for  the  role  of  a 
snioking  cessalion  coiinselor 
lo  hospital  inpatieiils  liv 
teachiiif;  assessineiil  and 
bedsifle  roiinseliii!;.  I  lelp 


pntieiils  cope  Willi  n 
withdrawal,  iiierea.sf 


niolivnlioii  U 


cessation,  ii 


factors  conlribiitiim  to 


ltemSC2  — $10Ea 


M 


^e  On  The  Cutting  Edqe  of  Today  e  Keeplratory^^ 


Convenient  one- 
fionr  videotapes 
put  you  on  the 
cutting  edge  of 
respiratory  care 
with  the  newest 
technologies  and 
techniques.  View 
and  review  them 
at  your  leisure. . . 
perfect  for  staff 
review  or  at- 
home  .study. 


Price:  $40  Ea 

(Member  $35) 
Available  only  in  MIS 


Complete 
Set! 

hem  >T88 

$760 

Set  of  20 

(Member  $665) 


Hospital  U-quirt'd  Pneumonia 

IK    („,l.  11    B.     Inr«,.    Ml)     I'luM.lr,   11 1 1,  ,1111111  i.  .11  oil 

lllc  f|jill(:lllii)liii.'\.  |ialiliii!cilc^i>.  and  lliaiKii;(iiiiiil 
of  nosocomial  |iiiliiioMan  infcciinii-   Item  \TMl 

Smoking  Ossation: 

Inlenention  Tt'ihniqut's  For  Ihe 

Ki'spirdlon  (an'  Praclitioner 

lU  KailiKvn  A.  Siirnlk).  Ml)  MI'l  I   (  ,,v,i-  lum 
major  aspccls  of  smokiiiL'  ci-^alioii  —  ilio  im|ia(l  of 
siriokitii!oii  illness  anil  morlalirv.  Iichavioral 
idm|)oni'nts.  cuncnl  ci'ssalion  programs,  ami 
i-ITi-clivc  intcrvcnlion.  Disrnsscs  idrnlifiralion  nl  llir 
|ili\^iiall\  aililii'li'd  Miiipkcr  ami  llir  cITimi.-  oI 
niroiim-  wiiliilrawal    llcni  \T;{.i 

IVutrititm  and  Respiralon  (are 

l?\  Hi<-li  Branson.  HIM.  |-,.\|)lains  llic  relationships 
ami  inleractions  of  malnmrilion  on  ventilalon 
drive,  respiraloni  nmseles.  hnif;  slnieiure.  and 
immunity.  I'nrther  disi  iisses  the  effects  of  milrieiits 
Mil  the  respiratory  system,  particularly  the 
nutritional  support  needed  liy  luechanicallv 
Mutilated  and  COPD  patients   llt'Ill  \T.'54 

I'ses  and  VbuM's  of  \<m-lnvasive 
l>loni(ors  in  Kespiraton  (are 

li\  Oeau  I  less.  KR  1.  Presents  a  discussion  of  how 
much  noninvasive  monitoriim  is  needed,  proof  of 
lulse  positives,  its  financial  impact,  and  its  future. 
Oiscusses  the  various  methods;  transcutaneous. 
puNe  oximetry,  and  capiiography.  Item  VT33 

Sleep  Disorders 

liy  Brian  Koresman.  MD.  A  discussion  of  the 
pli\  sioloiry  oi  sleep  and  the  kinds  of  respiralor\  and 
nonrespiratory  sleep  disorders  seen  in  the  hospital. 
Discusses  how  to  spot  slee|i  apnea,  the  prolileius 
caused  liy  tile  inpatieiil  hospital  selling',  sleep 
disorder  diagnosis,  and  treatment    Item  \T;i2 

Sleep  Apnea 

li\    Man  K.  I'ieice.  Ml).  Ijxplaiiis  how  sleep  stapes 
arc  related  to  resjiirator\  patterns  and  hlood  tjas 
vtilues  in  hoth  normal  and  alinormal  sniijects. 
Inclinles  a  discussion  of  the  criteria  for  definiim  the 
sleep  apnea  syniiromi'  and  the  (listin<:nisliiim 
lealnres  of  cetilral.  ohstructivi'.  and  mi.ved  caiisi's  of 
apnea.  Also  addressed  is  the  efficacy  of  medical 
tri'atment  to  correct  specific  Ivpes  of  sleep  apnea. 

Htm  Mil 

>lonitoriii<:  Kespiraton  Meehanirs 
During  ^leehaniea!  \entilation 

B\   Kolicrl  1..  Chalhiiiii    Kin     1   xpl.uiis  lion 
plusiial  and  mailiematical  modi'ls  are  developed 
and  applied  ami  how  the\  are  incorporated  iiuo 
\emilator  desiijn  to  pro\  ide  estiniiites  of  mechanics 
and  some  of  (he  prolilems  that  can  develoji  hecinisc 

nl   the  lnilllallol|s,,rilM'  models.  ||cm\T30 


Pn'ssure  Support  I  pdate 

B\    \ell   Macllllwv.    Ml)     li,Me«-p,,sMire 

support  ventilation  and  how  it  is  used,  j'.xplaiiis 
«  aveforms  for  airw  ay  pressme.  How.  anil 
vohmie.  .Mso  illustrates  the  measiMement  of 
inspiratory  imiscle  loads  l)\  pressure-time  inde.v 
and  muscle  \,,,.  and  demonstrates  how  muscle 
efficiency  chan!.'es  as  the  character  of  work 
chaiifies.  Includes  examples  of  low-  and  liiiih- 
level  PS\   for  elimination  of  the  imposed  work  of 
hreatliinj;  and  as  a  wcaniny  tool   llrm  \T28 

Maiiiiging  the  >\ork  of  Itrealhing 
During  >leehanieal  \entilation 

B>  .lolin  Marini    Ml)    learn  al.nut  the  work  of 
lireatliiiii;  ami  ways  in  which  it  can  he 
minimi/ed  in  the  clinical  seitiiif;  on  patients 
receivini;  mechanical  \entilation.  lociisesoii 
dimimsliini:  the  lireathiiii;  workload  throiish 
<|uantifying  the  effort  diiriiiji  mechanical 
\entilation  via  direct  measures  such  as  oxvgen 
consnmprion.  elect roinyofiraphv.  pressure-time 
index,  and  external  work  of  lireathiii!;.  as  well  as 
indirect  measures.  Item  \T27 

Modes  ofConventitmal  \entilation 

B\  Hohert  \1.  kacmarek.  PhD.  UK  1    A  riMcw  of 
mechanical  ventilation  is  presented,  includim.' 
the  rationale  for  minemcnt  from  one  generation 
of  ventilators  to  tmotlier.  \  entilator  modes 
discussed  include  control,  assist/control, 
imermittent  mandalorv  \eiitilation. 
synchronized  iirterniittent  mandatorv 
ventilation,  mandatory  minute  ventilation,  and 
pressure  support  Mutilation.  Item  \T1M 

PressuH'  Support  V>ntilation 

By  Neil  Maclnt\rc.  MD.   This  presentation 
defines  and  desi-rihes  the  plivsiolouical 
considerations  atlriliuted  to  PS\   and  the  clinical 
silnaiioiis  when  PS\   nia\  Im'  useful.  Includes 
comparisons  when  low-pressure  levels  ami  liigli- 
pressure  levels  of  P.S\'  are  offered.  Discussion 
includes  using  PS\   to  help  overcome  resistance 
lor  intuhated  patients  and  as  an  augmented 
ventilatory  mode  of  wianing   Item  \T17 

Theort  and  \ppllration  of 
Neonatal  \entilation 

Bv  lioheri  (  liailiiHii.  KK  I     Kii..l.-iiiriimg  in  the 
neonatal  intensive  care  unit  should  lie  a 
profound  activity  liecause  it  often  has  proromid 
consequences.  Adjustment  of  a  single  control  on 
a  ventilator  generallv  has  imdtiple  effects,  and 
thorough  consideration  of  how  controls  are 
interrelated  is  essential  foroptinmm  care. 
Presents  a  well-organized  and  systemii- 
tipproach  for  managing  luecliauical  ventilation. 

Ilein  M25 
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Fotal  Liin^  Devclopnient 

ByCliarlr,  |{,„riil,l(L  Ml)    Ia, ili,-  l,,u,- 

uiiiiluiiiical  phax'.  (if  Icial  luiii;  ili-\rlci|imcni 
ahuiiz  with  a  (liscii->>i(Hi  of  llu'  bint/lH-inii'al 
ili'Vfl(i|iiiii'iit  of  llir  fetal  liinj.'  tliioiigh  polalioii. 
Iiii'IikIo  a  (|pscii|>tiiiii  iif  llic  Mili^taiicfs  in 
siirfai'taiil.  llif  iiii|iortaiiic  (if  tlicif  lliiielv 
(levfl(i|iiiiciii.  and  llip  iiii'tliods  ii>pil  to  assess 
Ictus  Mirvi\aliilily  liy  iisini;  traclieal  aspirant  to 
identify  tlic  necessarv  ratios  of  tlie  |iliosplioli|ii(ls 
making  up  -inlaclant,  llcni  \T23 

\Rns  Review 

liy  lonv  Dal  \..j;:iir.  Ml)    Di-ru-s.-s  ih,-  latest 
developments  in  risk  fail  ors  and  Ireatnient.  Also 
covers  tile  li\c  diaiiiuistie  criteria  that  iniisl  lie 
present  to  make  an  accurate  diai;n(isis  of  ARDS. 
including  clinical.  radioi!:raphic.  and  phvsioloiric 
criteria.  Item  \T31 

Praetieal  Maiia<>eiiienl  of  \KI)8 

nyDa\id,l.  I'icisoii.  Ml),  Aduli  lespiralorv 
distress  -.yndrome  i-  defined  in  this  informative 
tape  and  its  cliiiieal  features  described, 
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Letters 


Objections  to  Postural  Drainage 
Therapy  Guideline 

I  have  read  with  interest  the 
"AARC  Chnical  Practice  Guidehne: 
Postural  Drainage  Therapy."'  I  am  a 
physical  therapist  who  has  practiced 
pulmonary,  or  chest,  physical  therapy 
for  more  than  20  years.  I  found  it 
most  unusual  that  in  your  first  section 
of  the  article,  PDT  1.0  Procedure, 
you  have  equated  the  term  "Postural 
Drainage  Therapy"  with  chest  phys- 
iotherapy, chest  physical  therapy,  etc, 
and  referenced  papers  7-12;  none  of 
which  were  written  by  pioneers  in 
this  area  of  care.  It  seems  most  un- 
usual to  me  that  the  authors  have  not 
gone  to  the  very  sources  of  these 
techniques,  which  stem  from  as  early 
as  the  1900s  and  move  on  forward 
with  definition  of  chest  physical  ther- 
apy and  the  various  techniques  that 
have  resulted  or  been  used  in  this 
area  of  care. 

I  have  numerous  variations  in  per- 
spective throughout  this  article,  but  I 
am  most  concerned  with  PDT  5.0 
Contraindications.  Under  5.0  Posi- 
tioning, you  have  listed  that  all  posi- 
tions are  contraindicated  for  rib  frac- 
ture with  or  without  flail  chest 
(5.1.1.12).  In  my  clinical  experience, 
I  have  found  that  no  patient  requires 
more  care  in  terms  of  clearing  excess 
secretions  or  preventing  or  reversing 
atelectasis  than  the  individual  with  a 
rib  fracture.  As  well,  I  have  found  pa- 
tients with  rib  fractures,  including 
those  who  have  iatrogenically  in- 
duced fractures  due  to  a  thoracot- 
omy, respond  very  well  to  position 
changes.  In  fact,  lack  of  position 
change  will  promote  or  induce  great- 
er atelectasis  or  hypoventilation.  I 
urge  you  to  reconsider.  I  can  think  of 
nothing  more  harmful  for  a  patient 
who  is  hypoventilating  due  to  a  rib 
fracture  than  to  be  kept  in  a  single  po- 
sition. Even  more  curious  is  that  the 


authors  have  very  clearly  delineated 
that  all  positions  are  contraindicated. 
I  find  it  very  interesting  that  the  au- 
thors have  used  the  term  "all  posi- 
tions are  contraindicated  for"  and 
then  have  a  large  list.  What  position 
is  the  patient  to  be  in  if  all  positions 
are  contraindicated?  This  seems  to  be 
incongruous  and  I  am  very  unclear  as 
to  why  this  terminology  was  used. 

As  well,  I  cannot  imagine  that  a 
person  with  a  surgical  wound  or  heal- 
ing tissue,  5.1.1.1.3,  is  not  allowed  to 
be  turned  in  any  manner  (ie,  that  all 
positions  are  contraindicated).  I  could 
go  through  the  list  for  each  item  here 
because  according  to  what  is  printed, 
all  these  patients  should  not  even  be 
rolled,  and  I  doubt  that  that  is  really 
what  the  authors  wanted  to  say. 

Under  5.2,  External  Manipulation 
of  the  Chest,  once  again  it  is  unclear 
to  me  what  your  guidelines  are  of- 
fering. The  guidelines  appear  to  be 
incorrect  or  not  accurate  as  printed. 
For  example,  the  person  with  a  recent 
skin  graft  may  have  large  amounts  of 
retained  secretions  and  be  able  to  tol- 
erate vibration  at  a  site  distal  to  the 
skin  graft.  The  skin  graft  itself  would 
not  contraindicate  the  vibration,  but 
vibration  may  be  contraindicated 
over  the  skin  graft.  The  same  applies 
for  anyone  with  a  bum.  In  our  clin- 
ical experience,  we  have  used  vibra- 
tion and  percussion  on  patients  with 
lung  contusion  (5.2.7)  and  have 
found  that  manual  techniques  can 
greatly  facilitate  clearing  the  retained 
blood  clots  that  can  result  from  the 
lung  contusion.  The  manual  tech- 
niques do  not  hinder  the  healing  of 
the  individual,  but  by  facilitating 
clearance  of  the  blood  clots,  the  pa- 
tient can  show  a  dramatic  shift  with 
increased  oxygenation  and  change  in 
x-ray.  Once  again  I  would  ask  that 
this  list  be  re-examined  and  guidance 
be  offered  in  a  more  specific  manner 
so  that  the  clinician  reading  it  under- 


stands the  parameters  of  decision 
making  that  will  facilitate  care  to  the 
patient  who  has  any  of  these  di- 
agnoses. 

I  would  also  like  to  comment  on 
PDT  6.0,  Hazards/Complications.  6.2 
Increased  Intracranial  Pressure.  Mac- 
kenzie et  al"'  found  that  the  intra- 
cranial pressure  increase  was  in  fact 
more  due  to  position  change  than  to 
the  chest  physical  therapy  technique. 
Once  the  person  has  been  rolled,  the 
intracranial  pressure  returned  to  nor- 
mal. This  happened  whether  the  per- 
son was  simply  rolled  side  to  side  or 
in  fact  was  placed  in  a  more  active  or 
aggressive  postural  drainage  position. 
I  do  not  believe  that  6.2  addresses 
this  variation  that  can  occur  due  to 
simple  repositioning.  The  outline 
does  not  allow  the  clinician  to  under- 
stand how  to  differentiate  a  transient 
change  in  intracranial  pressure  from 
simple  movement  versus  an  increased 
intracranial  pressure  due  to  a  position 
that  is  not  appropriate. 

I  would  also  like  to  comment  on 
PDT  9.0,  Assessment  of  Outcome, 
9.1,  Change  in  Sputum  Production.  It 
has  been  our  clinical  experience  as 
well  as  that  of  others  (Mackenzie  et 
al')  that  small  amounts  of  secretions 
cleared  from  the  acutely  ill  patient 
who  is  mechanically  ventilated  may 
in  fact  produce  very  dramatic  changes 
in  terms  of  resolution  of  atelectasis  on 
x-ray,  increased  PaO;,  and  dramatic 
changes  in  compliance.  Consequent- 
ly, I  do  not  agree  with  the  statements 
that  a  sputum  production  of  less  than 
25  mL  a  day  means  that  treatment  is 
not  indicated  in  the  acutely  ill,  me- 
chanically ventilated  patient.  I  believe 
that  this  is  a  gross  oversight  in  terms 
of  who  and  how  this  treatment  should 
be  delivered  and  is  not  adequately  ad- 
dressed in  this  particular  guideline. 

TTie  authors  comment  that  with  ef- 
fective therapy,  breath  sounds  may 
worsen  (PDT  9.0.  PDT  9.2).  How- 
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ever,  breath  sounds  may  also  dramat- 
ically improve  (ie,  with  adequate 
treatment,  formerly  decreased  or  ab- 
sent breath  sounds  may  become  aud- 
ible in  a  particular  lobe).  1  do  not  be- 
lieve that  this  is  a  worsening  of 
breath  sounds,  but  in  fact  a  correction 
or  optimization  of  breath  sounds,  and 
I  do  not  agree  w  ith  the  wording. 

Thank  you  for  the  opportunity  to 
comment  on  this  article. 

Colleen  M  Kigin  MS  MP.\  PT 

Director 

Physical  Therapy  Services 

Massachusetts  General  Hospital 

Associate  in  Anesthesia 

Harvard  Medical  School 

Boston,  Massachusetts 
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Dean  Hess  and  Fat  Bruugher 
respond: 

We  thank  Ms  Kigin  for  her  thor- 
ough and  thought-provoking  response 
to  the  AARC  Clinical  Practice  Guide- 
line (CPG)  on  Postural  Drainage 
Therapy.  Before  responding  to  the 
specific  points  raised  by  Ms  Kigin, 
we  would  like  to  clarify  several  points 
about  the  CPG. 

Considerable  thought  and  debate 
goes  on  in  the  Working  Groups  as 
each  CPG  is  formulated.  Further,  the 
Working  Groups  consist  of  persons 
with  a  broad  background  and  exper- 


ience. In  the  case  of  the  Postural 
Drainage  Therapy  CPG,  the  Working 
Group  included  persons  with  20  years 
or  more  of  respiratory  care  experi- 
ence. The  Working  Group  also  in- 
cluded a  critical  care  physician  and  a 
physical  therapist. 

The  Postural  Drainage  CPG  was 
mailed  to  about  650  reviewers,  and 
many  of  these  provided  comments  be- 
fore publication. 

Guidelines  are  just  that — guide- 
lines. They  are  not  rigid  rules.  They 
are  designed  to  allow  the  sophisticat- 
ed practitioner  to  make  informed  de- 
cisions. 

As  much  as  possible,  the  CPGs  are 
based  upon  the  peer-reviewed  litera- 
ture. Anecdotal  evidence  (ie,  "clinical 
experience")  cannot  be  independently 
confirmed,  and  is  either  accepted  or 
rejected  based  upon  the  reputation  of 
the  author. 

Regarding  the  specific  concerns  of 
Ms  Kigin,  we  would  offer  the  fol- 
lowing. 

The  original  papers  of  the  pio- 
neers in  chest  physical  therapy  are  not 
provided  in  the  reference  list  of  the 
CPG  because  they  were  not  believed 
to  be  relevant.  The  purpose  of  the 
Guideline  was  not  to  review  the  his- 
tory of  the  subject.  TTie  authors  of  this 
CPG  were  perhaps  bold  in  suggesting 
a  new  name  for  this  therapy.  Inter- 
estingly, however,  at  least  one  editori- 
al' and  one  review-  published  since 
the  CPG  have  suggested  that  renain- 
ing  might  be  appropriate. 

With  few  exceptions,  the  contra- 
indications for  Postural  Drainage 
Therapy  are  relative  (as  stated  in  the 
Guideline).  Perhaps  the  most  impor- 
tant part  of  the  Contraindications  .sec- 
tion of  the  CPG  is  not  the  list  of  con- 
U-aindications.  but  rather  the  opening 
sentence  of  the  section:  "The  decision 
to  use  postural  drainage  therapy  re- 
quires assessment  of  potential  ben- 
efits versus  potential  risks."  For  the 
example  of  a  trauma  patient  with  rib 
fractures  who  has  retained  secretions 
and  lobar  atelectasis,  a  very  cogent 


case  can  be  made  that  the  potential 
benefits  outweigh  the  risks. 

It  might  actually  be  more  reason- 
able to  focus  on  indications  rather 
than  contraindications.  In  many  hos- 
pitals, we  suspect  that  there  are  many 
more  patients  who  receive  unneces- 
sary' postural  drainage  therapy  (ie.  no 
indications  present)  than  there  are  pa- 
tients who  are  denied  therapy  (ie,  con- 
traindications present). 

The  benefits  of  turning  are  im- 
portant, and  many  patients  require  no 
pulmonary  therapy  other  than  fre- 
quent position  changes.  Frequent  po- 
sition changes,  which  should  be  part 
of  traditional  nursing  practice,  are  dif- 
ferent from  postural  drainage,  which 
involves  specific  positioning  to  drain 
a  specific  lung  segment  (and  typically 
requires  the  expertise  of  a  respiratory 
care  practitioner  or  a  physical  ther- 
apist). 

Regarding  the  contraindications  to 
external  manipulation  of  the  thorax — 
again  all  of  these  are  relative,  not  ab- 
solute. Using  Ms  Kigin's  example,  all 
(other  than  perhaps  the  most  un- 
sophisticated reader)  will  recognize 
that  this  means  that  vibration  and  per- 
cussion are  contraindicated  over  the 
site  of  the  graft.  Again,  the  intent  of  a 
guideline  is  not  to  be  a  rigid  unbend- 
ing rule. 

Certainly  many  patients  with  head 
injury  can  safely  tolerate  postural 
drainage  therapy.  Howe\'er,  it  is  pru- 
dent to  recogize  that  some  patients 
with  severe  head  injury  and  intra- 
cranial hypertension  tolerate  abso- 
lutely no  change  in  body  position.  It  is 
irresponsible  not  to  recognize  this. 
The  determination  of  an  increase  in 
intracranial  pressure  that  is  not  appro- 
priate is  a  medical  decision  made  best 
by  the  neurosurgeon  or  trauma  sur- 
geon. We  know  trauma  surgeons  who 
write  postural  drainage  therapy  orders 
with  specific  instructions  relative  to 
tolerable  intracranial  pressure  increas- 
es during  therapy.  Some  patients  may 
require  specific  therapy  to  control  in- 
tracranial pressure  during  treatments 
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(eg.  mannitol.  hypenentilation).  How- 
ever, the  nianagcinent  of  intracranial 
pressure  is  beyond  the  scopie  of  this 
CPG. 

The  authors  of  this  CPG  agree 
that  postural  drainage  therapy  may 
be  indicated  in  mechanically  ventilat- 
ed patients  who  produce  less  than  25 
mL/day  of  sputum.  This  is  adequate- 
ly covered  in  the  introduction  to 
■■PDT  9.0  As.sessment  of  Outcome:" 
"Not  all  criteria  are  required  to  jus- 
tify continuation  of  therapy  (eg.  a 
ventilated  patient  may  not  have  spu- 
tum production  >  30  mL/day,  but 
have  improvement  in  breath  sounds, 
chest  x-ray.  or  increased  compliance 
or  decreased  resistance)." 

The  intent  of  the  CPG  relative  to 
breath  sounds  (PDT  9.2)  was  to  point 
out  that  loosening  of  secretions  may 
result  in  worsening  of  breath  sounds. 
Clearing  of  those  secretions  (eg, 
cough,  suction)  often  results  in  clear- 
ing of  breath  sounds  (as  stated  in  the 
Guideline).  The  point  is  that  loos- 
ening of  secretions  without  their  re- 
moval may  result  in  worsening  of 
breath  sounds,  whereas  loosening  of 
secretions  and  their  removal  results 
in  improvement  of  breath  sounds. 

Again,  we  appreciate  the  com- 
ments of  Ms  Kigin.  However,  we 
suggest  that  readers  of  this  and  other 
CPGs  view  them  in  their  entirety, 
and  not  as  isolated  statements  within 
a  Guideline. 


Dean  Hess  MEd  RRT 

Chairman.  Clinical  Practice 
Guidelines  Steering  Committee 

Assistant  Director 

Department  of  Research 

York  Hospital 

York,  Pennsylvania 

Pat  Brougher  BA  RRT 

Clinical  Practice  Guidelines 
Project  Manager 

Editor,  Respiratory  Care 
Dallas,  Texas 


REFERENCES 

1.  Lewis  RM.  Chest  physical  therapy: 
time  for  redefinition  and  renaming 
(editorial).  Respir  Care  1992;37: 
419-421. 

2.  Dean  E.  Ross  J.  Discordance  be- 
tween cardiopulmonary  physiology 
and  physical  therapy:  toward  a  ra- 
tional basis  for  practice.  Chest 
1992;101:1694-1698. 


Bug?  Yes.  Insect?  No. 

In  response  to  the  letter  describing 
a  'foreign  body'  in  a  ventilator  cir- 
cuit'— a  spider  is  not  an  insect. 

David  J  Pierson  MD 

Medical  Director 

Respiratory  Care 

Harborview  Medical  Center 

Professor  of  Medicine 

University  of  Washington 

Seattle,  Washington 


REFERENCES 

Theroux  MC,  Zagnoev  M.  Ponce  C. 
Could  you  be  the  reason  for  a  "spi- 
der in  the  airway?"  (letter).  Respir 
Care  1992:37:950. 


The  editor  responds: 

My  oversight.  Dr  Pierson!  Allow 
me  to  quote  an  appropriate  (?)  bit 
from  Shakespeare's  A  Midsummer 
Nigiit  's  Dream. 

Weaving  spiders  come  not  here; 

Hence,  you  long-legg'd  spinners, 

hence! 

Beetles  black,  approach  not  near; 

Worm  nor  snail,  do  no  offence. 

Fat  Brougher  BA  RRT 

Editor.  Respiratory  Care 
Dallas,  Texas 


Baggers,  Not  Beggars 

AAAARGGHH!!  In  my  intuba- 
tion letter  published  in  August,'  a 
typo  changed  "Silent,  obedient  bag- 
gers" to  "beggars." 

Ah,  well,  I  guess  baggers  can't  be 
choosers. 

Tom  Burns  RRT 

Phoenix,  Arizona 

REFERENCES 

1 .  Bums  T.  Emergency  care  and  ACLS 
(letter).  Respir  Care  1992:37:947- 
948. 


Be  a  fighter. 
Knock  out 
the 


R 


before  the 
Flu  knockis 
you! 


Get  a  flu  shot! 

It's  a  matter  of  life  and  breath* 


t 


AMERICAN 

LUNG 

ASSOCIATION* 

*   The  Cnnstmas  Seal  People  • 


Space  contnbuled  by  the 
puUisher  as  a  public  setvice. 
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CRCE  through  the  Journal 

For  your  information,  answers  to  the  50  questions  for  CRCE  through  the 
Journal,  which  appeared  in  the  July  issue  of  RESPIRATORY  CARE,  are  given 
below.  No  scores  will  be  available  from  the  A  ARC  until  1992  transcripts  are 
released  in  early  1993.  Deadline  for  submission  of  answer  sheets  for  CRCE 
credit  was  August  15.  1992. 

The  correct  answers  to  the  questions  are  shown  below. 


l.a  14.  b  27.  e  40.  c 

2.  e  15.  b  28.  b  41.  e 

3.e  16.  e  29.  b  42.  d 

4.  b  17.  e  30.  e  43.  e 

5.C  18.  e  31.  c  44.  h 

6.  e  19.  e  32.  b  45.  c 

7.  b  20.  e  33.  b  46.  a 

8.  a  21.  b  34.  e  47.  e 

9.  e  22.  e  35.  e  48.  d 
10.  e  23.  e  36.  b  49.  d 
ll.e  24.  d  37.  e  50.  b 

12.  d  25.  b  38.  a 

13.  e  26.  a  39.  e 
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Notices  of  compctilions,  scholarships,  tellowships.  examinution  dates,  new  educational  prugranis.  and  the  hke  wdl  be  listed  here  Iree  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  pubhcation  (January-  1  for  the  March 
issue.  February  1  for  the  April  issue,  etc).  Include  all  pertinent  Information  and  mail  notices  to  RliSPlRAlORY  CARt  Notices  Dept. 
1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Notices 


The  American  Respiratory  Care  Foundation  Awards  for  1992 

Funded  by  Allen  &  Hanburys 

1.  $2,000  for  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted  for  publication  from  December  1491  through  October 

1992.  This  award  is  inn  hmited  to  papers  based  on  OPEN  FORUM  presentations. 
2   Four  awards  of  $1,000  each  for  papers  accepted  for  publication  from  November  1991  through  October  1992  based  on  any  OPEN 

FORUM  presentation  (not  limited  to  1991  OPEN  FORUM). 
3.  Five  awards  of  $500  each  for  the  best  papers  submitted  (not  necessarily  published)  by  1992  OPEN  FORUM  participants  who  have 

"never  published"  in  the  Journal.  The  never-published  first  author  must  present  the  abstract  at  the  Annual  Meeting  and  must  subntit  a 

paper  based  on  the  abstract  before  the  1992  Annual  Meeting  (received  m  the  Editorial  Office  by  November  1,  1992).  Co-authors  may 

have  previously  published  in  RESPIRATORY  CARE. 

Funded  by  Radiometer  America 

Three  awards  of  $333  each  are  to  be  awarded  to  the  authors  of  the  three  best  features  from  Test  Your  Radiologic  Skill,  Blood  Gas  Cor- 
ner, and  PFT  Comer  accepted  for  publication  from  November  1991  through  October  1992.  All  three  (or  none)  of  the  features  inay  be 
chosen  from  a  specific  category  (eg.  all  three  may  be  chosen  from  Blood  Gas  Comer). 

Registration  Reimbursement 

As  in  the  past,  any  1992  OPEN  FORUM  presenter  (or  co-author  designee)  will  receive  complimentary  registration  for  an  adequately 
prepared  paper  based  on  his  1992  OPEN  FORUM  abstract,  submitted  prior  to  or  at  the  1992  Annual  Meeting. 

All  awards  will  be  made  at  the  1992  Annual  Meeting.  Papers  are  judged  automatically.  No  application  is  necessary. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1992  Examination  and  Fee  Schedule 

CRTT  Examination 

Fee  Schedule 

Entry  Level  CRTT — new  applicant: 

$  90.00 

EXAMINATION  DATE:                             NOVEMBER  14 

1992 

Entry  Level  CRTT — reapplicant: 

$  60.00 

Applications  Accepted  Beginning:                                 July  1 

1992 

RRT  Written  and  Clinical  Simulation- 

.Application  Deadline:                                          September  1 

1992 

new  applicant: 

Written  Registry  Only — new  applicant: 

$190.00 
$  90.00 

RRT  Examination 

Written  Registry  Only — reapplicant: 

$  60.00 

Clinical  Simulation  Only  new  and  reapplicant 

$100.00 

EXAMINATION  DATE:                                DECEMBER  5 

1992 

Entry  Level  CPFT  new  applicant: 

$100.00 

Applications  Accepted  Beginning:                                June  1 

1992 

Entry  Level  CPFT — reapplicant: 

$  80.00 

Application  Deadline:                                                  August  1 

1992 

Advanced  RPFT — new  applicant: 
Advanced  RPFT — reapplicant: 

$150.00 
$  1 30.00 

RPFT  Examination 

Active 

Inactive 

EXAMINATION  DATE:                                DECEMBER  5 

1992 

CRTT  Recredentialing: 

$25.00 

$  60.00 

Applications  Accepted  Beginning:                                 July  1 

1992 

RRT  Recredentialing: 

Application  Deadline:                                          September  1 

1992 

Written  Registry  Examination 

$25.00 

$  60.(K) 

Clinical  Simulation  Examination 

$65.00 

$100.00 

Perinatal/Pediatric  Specialty  Examination 

CPFT  Recredentialmg; 

$25.00 

$  80.00 

RPFT  Recredentialing: 

$25.00 

$130.00 

EXAMINATION  DATE:                                       MARCH  1 

199.1 

P/P  SPEC: 

$25.00 

$130.00 

Applications  Accepted  Beginning:                       September  1 

1992 

Membership  Renewal: 

Application  Deadline:                                          November  1 

1992 

CRTT/RRT/CPFT/RPFT 

$  12.00 

8310  Neiman  Road  • 

Lenexa, 

Kansas  66214  •  (913)  599-4200 
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Calendar 
of  Events 


Noi-for-profil  organizalions  are  offered  a  free  advertisemcni  of  up  lo  eighl  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of 
Events  in  RESPIRATORY  CARE  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the 
20th  of  the  month  two  months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar 
of  Events,  RESPtRATORY  CARE,  1 10.10  Abies  Lane.  Dallas  TX  75229-4593. 


AARC  &  AFFILIATES 


October  14  in  Auckland,  New  Zealand.  The  NZSRC 

presents  its  Annual  Scientific  Meeting  at  the  Aotea  Cen- 
tre. The  meeting  precedes  the  AustraUan-New  Zealand 
Intensive  Care  Society  Conference.  Contact  Graeme 
A'Courl.  PO  Box  10148,  Balmoral,  Auckland,  New 
Zealand.  (643)  640640. 

October  16  in  Long  Island,  New  York.  The  South- 
eastern Chapter  of  the  NYSSRC  presents  its  24th 
Annual  Symposium,  "Focus  on  Technology,"  at  the 
Marriott  Hotel  in  Uniondale.  Speakers  include  Michael 
McPeck.  Nathan  Seriff,  Joseph  Lore,  Steven  Marzo, 
Margaret  McGovem,  and  AARC  President  Bob  Demers, 
who  present  "Clinical  Hazards  Associated  with  Aero- 
sols." Contact  Ken  Nugent  RRT  (.')16)  444-85 11. 

October  28-29  in  Sturbridge,  Massachusetts.  The 
MSRC  presents  its  l.'ith  Annual  Meeting  and  Exhibition 
at  the  Sturbridge  Host  Hotel  and  Conference  Center. 
Topics  include  adult  and  neonatal  ventilator  man- 
agement, the  RCP's  role  in  smoking  cessation,  and  inter- 
pretation of  ventilator  graphics.  Events  include  Sputum 
Bowl,  golf  tournament,  and  awards  banquet.  Contact 
Bill  McGarry  CPFT  RRT,  Respiratory  Care,  Beth  Israel 
Hospital,  330  Brookline  Ave,  Boston  MA  02215.  (617) 
284-0782. 

October  30  in  Bear  Mountain,  New  York.  The  Hud- 
son Valley  Chapter  of  the  NYSSRC  presents  its  Annual 
Educational  Seminar,  "Challenging  Issues  in  the  Res- 
piratory Care  Environment,"  at  the  Bear  Mountain  Inn. 
Topics  include  patient  assessment,  infection  control,  and 
risk  management.  Contact  Larry  Lyman  (914)  358-6200, 
pager  600. 

November  17  Nationwide.  The  AARC,  in  conjunction 
with  VHA  Satellite  Network,  presents  "Prevention  of 
Postoperative  Atelectasis  and  Pneumonia,"  one  in  a 
series  of  live  satellite  videoconferences  titled  "Pro- 
fessor's Rounds  in  Respiratory  Care."  Featured  pre- 
senters are  Dr  David  .1  Picrson  and  Richard  Branson 
RRT.  Site  registration  for  entire  siaff  is  S245  for  AARC 
members.  Call  (214)  830-0061. 


February  16-19  in  Reno,  Nevada.  The  American  Lung 
Association  of  Nevada  and  The  Nevada  Society  for  Res- 
piratory Care  present  the  12th  Annual  High  Sierra  Crit- 
ical Care  Conference  at  the  Peppemiill  Hotel  Casino. 
Topics  include  adult,  pediatric,  and  neonatal  critical  care 
issues.  Contact  Donna  Turner,  American  Lung  Associa- 
tion of  Nevada,  PO  Box  7056,  Reno  NV  89510.  (702) 
829-5864  (9  AM-3  PM  PST). 


OTHER  MEETINGS 


October  11-13  in  Arlington,  Virginia.  The  first 
National  Asthma  Conference  is  scheduled  to  include  a 
workshop  specifically  for  respiratory  care  practitioners. 
The  workshop  has  been  approved  for  9  continuing  edu- 
cation credits  by  the  AARC,  and  is  open  to  any  res- 
piratory care  practitioner  who  wishes  to  attend.  Contact 
NHLBI  (301)  951-3275. 

October  11-18  in  the  Caribbean.  LIFE  Unlimited 
presents  a  "Western  Caribbean  Cruise"  for  pulmonary 
patients,  their  families,  and  friends  aboard  the  SS  Sea- 
breeze. Cruise  from  Miami  to  Grand  Cayman,  Montego 
Bay,  and  Cozumel  with  private  escorted  tours  and  24- 
hour  professional  services.  Reservation  deadline  is  Sept 
4.  Contact  Dave  Robbins.  LIFE  Unlimited.  17101  SW 
200  St,  Box  Z28,  Miami  FL  33187.  Call  (800)  621-4571 
or  (305)  441-6819. 

October  21-23  in  Salt  Lake  City.  Utah.  The  Centers 
for  Disease  Control,  the  Association  of  State  and  Ter- 
ritorial Health  Officials,  and  the  Association  of  State  and 
Territorial  Chronic  Disease  Program  Directors  cospon- 
sor  the  7th  National  Conference  on  Chronic  Disease  Pre- 
vention and  Control.  "Prevention:  Can  It  Be  Marketed, 
Managed,  and  Make  a  Difference?"  at  the  Salt  Lake  Hil- 
ton. Contact  Jack  Friel.  Chief.  Conference  Management 
Operations,  National  Center  for  Chronic  Disease  Pre- 
vention and  Health  Promotion.  CDC,  1600  Clifton  Rd 
NE,  Mailstop  K-43,  Atlanta  GA  30333.  (404)  488-5390. 

October  22-23  in  Birmingham,  Alabama.  The  Chil- 
dren's Hospital  of  Alabama,  Department  of  Respiratory 
Care  Services,  hosts  its  2nd  Annual  Perinatal/Pediatric 
Respiratory    Care    Clini-Course    at    the    Birmingham- 
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Jefferson  Civic  Center.  Topics  to  be  discussed  by  guest 
lecturers  include  fundamentals  of  respiratory  care 
research,  efficacy  of  CPT  in  neonates,  new  approaches 
to  the  treatment  of  cystic  fibrosis,  and  optimal  delivery 
systems  for  continuous  aerosolized  medications  on  and 
off  mechanical  ventilation.  Contact  Susan  Forrest  (205) 
939-9675. 

October  23  in  Dallas,  Texas.  Baylor  University  Med- 
ical Center  hosts  "Hand  In  Hand:  Team  Approach  to 
Caring  for  the  Pulmonary  Patient"  at  Cityplace  Confer- 
ence Center.  The  seminar  is  designed  for  nurses  and  res- 
piratory care  practitioners  caring  for  pulmonary  patients 
in  critical  or  acute  care  settings.  Contact  Barbara  Gray- 
son, Baylor  University  Medical  Center,  Continuing  Edu- 
cation. 3500  Gaston  Ave.  Dallas  TX  75246.  (214)  820- 
2317. 

November  18-21  in  Miami  Beach,  Florida.  The  Uni- 
versity of  Miami.  Division  of  Neonatology-Department 
of  Pediatrics,  presents  its  Annual  Neonatal  Symposium, 
"New  Developments  in  Neonatal  Respiratory  Care,"  at 
the  Doral  Ocean  Beach  Resort.  The  symposium 
includes  lectures,  discussions,  and  a  workshop  on  pul- 
monary function  testing  in  neonates.  Contact  Charles  R 
Bauer  MD,  Program  Co-Director,  University  of  Miami- 
Department  of  Pediatrics  (R-131),  PO  Box  016960, 
Miami  FL  33101,  (305)  547-5808,  fax  (305)  547-3501. 

March  3-5,  1993  in  Lyon,  France.  The  Joumees  Inter- 
nationales de  Ventilation  a  Domicile  presents  the  Inter- 
national Conference  on  Home  Mechanical  Ventilation. 
The  meeting  includes  scientific  sessions,  practical  edu- 
cation sessions,  and  poster  presentations  and  exhibits. 
Simultaneous  translation  (French/English)  will  be 
offered.  Deadline  for  abstracts  is  December  1992.  Write: 
JIVD  (SRMAR)  93,  Grande  Rue  de  la  Croix-Rousse, 
69317  Lyon  Cedex  04,  France.  Call  (33)  78  39  08  43, 
fax  (33)  78  29  98  94. 

October  24-29,  1993,  in  Jerusalem,  Israel.  The  XlVth 
World  Congress  of  Asthmalogy  convenes  in  Jerusalem. 
Topics  to  be  presented  include  molecular  biology  in 
lung  disease,  cells  involved  in  asthma,  and  house  dust 
mite  and  asthma.  Abstracts  are  currently  being  accepted. 
For  more  information,  contact  Gil-Kenes,  1617  JFK 
Blvd.  Suite  946.  Philadelphia  PA  19103.  (800)  223- 
3855. 
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HEY. 

Call  US  about 
your  next  job! 


The  AARC 
Job  Hotline 

(214)  241-7249 

24  hours  a  day 

New  jobs  listed 
on  the  1st  and  I5th  of  every  month 

With  one  call  you  reach  a  recorded  listing  of 

current  employment  opportunities  in 

respiratory  care  You  select  the  positions  that 

interest  you,  send  your  resume  to  the  AARC, 

and  find  a  Job. 


American  Association  for  Respiratory  Care 
Job  Hotline,  11030  ADies  Lane,  Dallas,  TX  75229 
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I.  Type  of  Instn/Practice 

1  J  Hosp    SOO  or  more  beds 

2  J  Hosp  300  to  499  be<is 
3.  J  Hosp  200  lo  299  beds 

4  J  Hosp  100  10  199  beds 

5  -I  Hosp<lOOor  less  bedS 

6  J  Skilled  Nursing  Facility 

7  a  Home  Care  Practice 
8.  J  School 

II.  Department 

A  J  Respiratory  Ttwrapy 
B  _(  Cardiopulmonary 
C  -i  Anesthesia  Service 
D  J  Emergency  Dept. 

III.  Specialty 

1  :j  Clinicai  Practice 
2-  J  Perinatal  Pediatncs 
3.  J  Critical  Care 

4  3  Clinical  Research 

5  J  Pulmorxary  Function  Lab 

6  J  Home  Care/Rehab 

7  J  EducatHjn 

8  J  Management 

IV.  Position 

A  _l  Depl  Head 

B  -J  Chief  Therapisl 

C  J  Supervisor 

D  J  Staff  Techniaan 

E  _J  Staff  Therapist 

F  J  Educator 

G  J  Medical  Director 

H  J  Anesthesiotogisl 

I    _1  Pulmonoiogist 

J  J  Other  MD 

K  J  Nurse 

V.Are  you  a  member  ol  the  AARC' 

1  J  Yes        2  J  No 


1.  Type  of  InstrVPractice 

1  J  Hosp    500  Of  more  t)eds 

2  -I  Hosp  300  to  499  becJs 

3  _)  Hosp  200  lo  299  beds 

4  _i  Hosp  100  to  199  beds 
5. -I  Hosp  <100  or  less  beds 

6  J  Skilled  Nursing  Facility 

7  J  Home  Care  Practice 

8  J  School 

II.  Department 

A,  J  Respiratory  Therapy 
B  3  Cardiopulmonary 
C  J  Anesthesia  Service 
D  J  Emerger>cy  Dept, 

III.  Specialty 

1  J  Clinical  Practice 

2.  -1  Pennatal  Pediatncs 

3  J  Critical  Care 

4  J  Clinical  Research 

5  J  Pulmonary  Function  Lab 

6  J  Home  Care/Rehab 

7  J  Education 

8  J  Management 

IV.  Position 

A.  J  Dept  Head 

B.Q  Chiel  Therapist 

C,3  Supervisor 

D.^  Staff  Technician 

E  .J  Staff  Therapist 

F  3  Educator 

G.J  Medical  Director 

H.a  Anesthesiologist 

I.  LI  Pulmonoiogist 

J.  a  Other  MD 

K 'J  Nurse 

V.Are  you  a  member  of  the  AARC 

1  J  Yes         2  _)  No 
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DID  You  Know? 

We  lowered  our  prices  and  completed  our  family. 

We  listened  and  responded  to  market  demand  by  lowering  prices 
on  our  entire  line  of  PMR  2  reusable  manual  resuscitators. 
Puritan-Bennett's  new  infant  model  completes  the  family,  making 
us  the  only  company  to  offer  a  full  line  of  both  reusable  and  dis- 
posable manual  resuscitators. 


The  infant  PMR  2  features  the  same 
overall  proven  design,  excellent 
compliance  and  high  oxygen  con- 
centration as  our  other  manual 
resuscitators. 

Let  Puritan-Bennett  be  the  single 
source  for  all  your  resuscitator 
needs.  —  Because  breathing  is  our 
business  and  has  been  for  over  79 
years.  Call   1-800-255-6773- 


t 


Wpre  In  It  For  Life 


H13 


PURITAN 
BENNETT® 


Circle  127  on  reader  service  card 
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VOLDYNE 


Volumetric  Incentive  Deep-Breathing  Exerciser 

The  accuracy  of  Voldyne.  in  a  new  size  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress. 

■  Every  unit  is  individually  tested  and  calibrated  for  performance. 

reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  iissessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  injormation.  contact  your  Sherwood  O.R. /Critical  Care 

Representative  or  call  ,  ^nn  t-^c  i  at% 

1-800-325-7472    (outside Missouri) 

1-800-392-7318    linMissoum 
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